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THE MANAGEMENT OF DUST ALLERGENS 
I N T R O D U C T I O N 
Allergens: 
An aero-allergen is an environmental substance capable of inducing an allergenic reaction 
in persons with inherited susceptibility to IgE-mediated allergy [23]. Aero-allergens may 
give rise to asthma, rhinitis, conjunctivitis or atopic dermatitis [23]. Any foreign molecule 
which stimulates the plasma cells to produce antibodies are called antigens, and any antigen 
can act as an allergen [12]. Allergen passage through the skin is possible, although the intact 
skin is generally an efficient barrier [7]. In comparison, the mucosae of the airways are less 
efficient barriers [7; 23]. Therefore, allergens and allergen carriers (e.g. pollen, dander, mite 
feces, other "dusts" [Table 1]) present in the inhaled air can enter the human body easily. 
Table 1. Proposed descriptions for terms refering to allergens 
Allergen Mostly macromolecular glycoprotein; divided into major and minor 
allergens ; capable of inducing IgE mediated allergic reactions (type 
I). 
Aero-allergen Inhalant allergen (airborne); mostly carried on small dust particles. 
Allergen carrier Pollen, skin-scales, fibres and other dust particles, which do not have 
allergenic potency themselves, but only serve as transport medium for 
allergens. 
Allergen source & Organisms that produce allergens e.g. mites, plants, fungi, pets. 
Allergen producer 
Both aero-allergens and their carriers form a part of the house-dust ecosystem as 
formulated in 1972 by Van Bronswijk [4]. In this ecologie system, mites, fungi and insects 
constitute the three most relevant allergen producers [4; 5]. In addition, pollen [hay-fever] [3; 
11] and dander of humans [24] and animals [15; 16; 21] should be taken into account. 
Mites (as well as insects) in house-dust were found and described by Antoni van 
Leeuwenhoek (1632-1723) [5]. Although five species of mites belonging to the 
Pyroglyphidae (nowadays called house-dust mites) were already known in 1910, it took over 
50 years to discover their significance as allergen producing organisms [2; 14; 22]. Not only 
house-dust mites have allergenic properties, also stored-food mites [13] and tarsonemid 
mites [9] may contribute to the allergen pool of house-dust. 
Fungi and their spores are responsible for mould allergy [1; 6]. Outdoor moulds (like 
Alternaría sp. and Cladosporium sp.), as well as indoor fungi (e.g. Wallemia sebi, 
Aspergillus repens) are capable of inducing mould-specific allergic reactions. 
Autochtonic insects that arc important as allergen producers include cockroaches, dust lice 
and silverfish [5; 17; 19]. 
Avoidance and prevention: 
Strict avoidance of the offending allergen is the most direct and effective measure for 
preventing allergic symptoms (conventional avoidance) [10]. Already in the twenties, Storm 
van Leeuwen (1924) [20] reported clinical success with such avoidance experiments. 
Unfortunately his measures interfered with normal living practice to such an extent that the 
concept proved impracticable. Time and money consuming, but useful in the case of problem 
dwellings is the destruction of suitable mite niches by removing home textiles or by 
influencing moisture production [8]. Physical and chemical aspects of such avoidance 
measures are discussed in Schober's dissertation ("Detection and control of allergenic mites 
and fungi in house-dust")[18]. 
This thesis (Management of dust allergens) takes a somewhat different view on avoidance. 
Destruction of allergen producers and subsequent removal of allergens is preceded by 
making an inventory of harmful specific allergen-levels (selective avoidance). 
Detection: 
In order to be able to effectively sanitize a dwelling, the initial exposure to allergens and the 
abundance of their producers should be known, preferably in relation to established hygienic 
levels. 
A detection method, based on phosphatase enzymes, has been developed to obtain an 
insight in the total biotic activity of house-dust. As far as house-dust fungi are concerned, the 
4 
concept of detection by extracellular metabolic enzymes has been formulated. The mite 
product (guanine) detection set (marketed as Acarex [R]) has proved useful in problem 
houses. 
Extermination and removal: 
Research for this thesis concentrated on short-term sanitation based on the extermination of 
mites and the removal of their excreta, a procedure known as selective avoidance. In optimal 
pest management, the resultant success should be combined with prevention of reinfestation. 
This concept, a combination of detection followed by extermination of allergen producers 
and removal of allergenic material, is the central problem in this thesis. The concept has been 
tested in a controlled double-blind clinical and biological study. Clinical success with regard 
to mite-allergic rhinitic patients, practicality, and efficacy of conventional and selective 
avoidance have been compared in 20 dwellings. 
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1. EVALUATING MITE (ACARI) ALLERGENICITY OF HOUSE DUST BY 
GUANINE QUANTIFICATION 
Published in: Journal of Medical Entomology, vol. 26(1): 55-59,1989. 
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Evaluating Mite (Acari) AUergenicity of House Dust by 
Guanine Quantification 
Ε. M. H. VAN BRONSWIJK, 1 E. B I S C H Ö F E N W, S C H I R M A C H E R . 
A N D F. M. K N I E S T ' 
J. Med Entomol. 26(1) 55-59 (1989) 
ABSTRACT The development of a quick color reaction for guanine in house dust has made 
it possible to screen many homes for mite products of allergenic consequence The a?o dye 
methods are specific enough to be useful for the development of a sanitary standard Com-
paring the guanine quantification results with mite counts and determinations of the mite 
antigen PI (Der ρ I) leads to the conclusion that the provisional standard for mattress dust 
of 0.6 mg guanine g dust can he extended to dust from floor coverings and padded furniture, 
at least in western Europe Below this level, the sensitization risk to patients allergic to house 
dust mites seems to be minimal 
KEY WORDS Arachnida, Pyroglyphidae. sanitary standards, quick color reactions 
T H E C O N T R I B I T I O N O F M I T E S to the al lergenicity 
of dust is an i m p o r t a n t factor in the e n v i r o n m e n t 
of pat ients w itti a house dust allergy. A s imple color 
react ion has been deve loped to m e a s u r e this aller­
genici ty (Bischoff & S c h i r m a c h e r 1984, 1985; 
Bisehoff et a l 1985; Bronswijk et al. 1986) It m e a ­
sures t h e a m o u n t of g u a n i n e , a c o m p o n e n t of t h e 
excret ion p r o d u c t s of mites, b\ fixing it to an azo 
d y e wi th a red color. In the case of mattress dust, 
t h e g u a n i n e ra t ing was effective in d i scr iminat ing 
a m o n g h o m e s wi th no m i t e problems, with exten­
sive m i t e problems, a n d wi th potent ia l m i t e prob­
lems (Bronswijk 1986). T h e formulat ion of Maxi­
m a l Allowable C o n c e n t r a t i o n s in pat ients h o m e s 
b e c a m e possible a n d a provisional s tandard for 
mattress dust in the N e t h e r l a n d s was set at 0.6 m g 
g u a n i n e g dust (Bronswijk 1986). 
However , before a g u a n i n e quanti f icat ion per­
f o r m e d wi th a n azo d y e react ion c a n b e c o m e a n 
effective tool in screening h o m e s for m i t e aller­
genicity (or m i t e ant igen content) , some addi t ional 
quest ions m u s t be answered. H o w specific is the 
azo d y e m e t h o d in d e t e r m i n i n g the a m o u n t of gua­
nine present in a large n u m b e r of dust samples 
from different sources? Is the g u a n i n e test as cur­
rently m a r k e t e d suitable for the evaluat ion of the 
m i t e al lergen risk in a h o m e ? This p a p e r addresses 
these two questions. 
M a t e r i a l s a n d M e t h o d s 
In total, 100 dust samples collected by v a c u u m 
c leaner from homes in the N e t h e r l a n d s (mainly in 
t h e towns of U t r e c h t a n d Valkenswaard) a n d in 
t h e F e d e r a l Republ ic of G e r m a n y (F.R.G ) (mainly 
I-aboralory for F.ctoparasitology and Domestic Hygiene, De­
partment of Dermatology. Utrecht State University. Utrecht, the 
Netherlands. 
1
 Gesellschaft für hausbiologische Forschung, 6500 Mainz-I, 
Federal Republic of Germany, 
in and n e a r Bavaria) w e r e used in this s tudy. T h e 
v a c u u m c lean ing was d o n e a t a speed of at least I 
min 'm¡ surface area and no m o r e than 2 r n i n / n i J 
b> different persons with two different v a c u u m 
cleaners Th i r t een of these samples c a m e from mat -
tresses, 10 from stuffed furni ture , a n d t h e r ema in -
der from floor coverings. All samples w e r e analv zed 
for n u m b e r of mites, g u a n i n e content , and con-
cent ra t ion of ant igen P I (about 10-20 rc [ C h a p m a n 
& Platts-Mills 1980] of the al lergenici ty of the com-
mon house dust mile , Dermatophagoides ptero-
nyssinus, Trouessar t 1897). 
For mi t e analyses, two subsamples of 0.5 g each 
(0 2 g of dust f rom mattresses or furni ture) w e r e 
taken from every sample and t reated wi th the fast 
flotation m e t h o d of Bronswijk (1981) For 25 sam-
ples, only the total n u m b e r of mites, d e a d and alive, 
was recorded. Mites from the o ther samples were 
identified by species, 
G u a n i n e was d e t e r m i n e d by two color imetr ie 
methods : an enzymatical ly control led analysis and 
a test set n a m e d ACAREX ( W e r n e r & Mer t / G m b I I, 
Ingelheimerstr 1-3, 65 Mainz 1, F . R . G ) . T h e com-
mercia l test was pe r fo rmed at least twice for every 
sample and eva lua ted accord ing to Bronsw ijk et al. 
(1986). T h e scale of A C A R E X originally had four 
steps. T h r e e i n t e rmed ia t e steps were a d d e d for lab-
oratory use. 
T h e enzymat ica l ly control led analysis r equ i r ed 
250 m g dust for each sample and was done ac-
cord ing to Bischoff & Sch i rmacher (unpub l i shed 
da ta ) as follows, 
G u a n i n e Ex t r ac t i on . Three-mil l i l i te r extract ion 
solution (1.28 g N a O I I [sodium hydroxide] in 200 
ml me thano l w a t e r [20:100, vol vol]) was a d d e d 
to the dust , shaken thoroughly for 1 min , and ccn-
tr ifuged for 1 min at 3,000 r p m T h e supe rna tan t 
was collected, and the extraction was repeated tw ice 
more , bu t now with only me thano l w a t e r 20:100 
(vol /vol) . C o m b i n e d superna tan t s w e r e filtered 
0022-2585 89, 0035-0059$02 00 0 i 1989 Entomological Society of Ametica 
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Table 1. Pearson correlalion matrix of six measurements of 100 European dust samples: guanine in mg/g dust (in 
steps of ACAREX and enzymatieally controlled analysis), total number of mites, number of pyroglvphid mites, number 





Der ρ I 
Guanine (ACAREX) 
0 79° 
(η = 90) 
0 30* 
(η = 100) 
О З ^ 
(η - 65) 
0 32fc 
(η = 65) 
0 68" 
{η •= 99) 
Guanine (enzyme) 
ОЛТ^ 
(η - 9 0 ) 
0 46° 
(η - 55) 
0 41' ' 
(η - 55) 
0 56° 




(η = 65) 
0 99" 
(η = 65) 
0 Э З ь 




(η = 6 5 ) 
0 85" 




ίη = 64) 
" Highlv significant. Ρ < 0 001 (Pearson rank correlalion, Schutte [1983]) 
'• Sigmficant. 0 001 < Ρ < 001 (Schutte 1983) 
• РгоЬаЫ significant, 0 01 < Ρ < 0 05 (Schutte 1983) 
"* Not sigmficanl, Ρ > 0 05 (Schutte 1983) 
through a blackband-fllter (Schleicher & Schult, 
Dassel. F.R.G.) into a 50 ml beaker The filter was 
washed twice with 5 ml methanol/water 20:100 
(vol/vol) into the beaker and water was added to 
make 50 ml, 
Enzymatic Reduction of Guanine. Two samples 
each of 2 ml of the supernatant solution «ere pi­
petted into two 25 ml measuring glasses Two milli­
liters 0 1 M borate-buffer (pH 8,5) were added to 
the samples. Two control solutions and two solu-













• = floor covering 
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« = mattress 
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enzymatically controlled analysis 
Fig. 1. Relationships between two colorimetrie guanine measurements, expressed in steps of ACABEX (with 
calculated intermediates) and as mg guanine/g dust, in 90 European bouse dust samples (13 from mattresses, 10 
from furniture. 67 from floor covering), by direct color reaction and enzymatically controlled analysis, 
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Fig. 2. Relationships between total mite numbers 
and mg guanine, determined b\ enzymatically con­
trolled analysis, in 90 dust samples from European honies 
tions with 50 μg and 100 μg guanine respectively 
were treated in parallel. In one of the supernatant 
and in one of the control solutions. 10 μί guanase 
and 5 μί xanthine-oxidase were added, and the 
solutions were incubated 30 min at 30°C), w hen the 
reaction was stopped with 3 ml 16% NajCOj {so­
dium carbonate). The samples without enzyme also 
received 3 ml Na,CO,. 
Photometric Fixing. To each sodium atcalic so­
lution. 2 ml coupling-reagent (250 mg sulfanilic-
acid in 250 ml 1 N HCl [hydrochloric acid] + 5% 
NaNO, [sodium nitrite] solution, both solutions [1:1] 
for 10 min at 0oC) were added. These solutions 
were kept 20 min at room temperature to enable 
coupling. Then 10 ml ethanol water 20:100 (vol/ 
vol) were added and the resulting solution was 
brought to 25 ml with distilled water. The absorp­
tion of the solutions was measured at 490 nm against 
equally treated control solutions. The difference 
between the samples with and without added en­
zymes was the measure of guanine concentration. 
In 10 samples, enzymatic analysis was not possible 
because of an insufficient quantity of the sample. 
Identification and quantification of Der ρ I (PI 
antigen) were carried out with Radio Immuno As­
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Fig. 3. Relationships between units, (ng Der ρ I and 
mg guanine) determined by enzymatically controlled 
analysis, in 89 dust samples from European homes 
(Chapman & Platts-Mills 1980, Zee et al. 1988). All 
data were incorporated into a database in the 
software package dBASE II (Ratliff 1982). In this 
database the algorithm of the Pearson correlation 
coefficient (Schutte 1983) was programmed. In sta­
tistical testing Ρ values of £ 0 001 were considered 
highly significant, 0.001 < F < 0.01 significant, 
and 0.01 < Ρ < 0 05 probably sigriiÉicant. 
Results 
In one of the 100 samples the amount of dust 
was too small to perform the immunological RIA 
analyses. 
The correlation matrix for six variables (Table 
I) shows a highly significant correlation (r = 0.79, 
η = 90) between the direct color reaction for gua­
nine and the color reaction in the enzymatically 
controlled analysis of the dust samples. Other in­
teresting correlations include the high values for 
the Der ρ I compared with guanine (ACAREX) (r 
= 0.68, η = 99) and compared with numbers of D. 
pteronyssinus (r = 0.85, η = 64) and the low value 
betw ecn total numbers of all mites and the guanine 
content. 
Discrepancies betw een the two colorimetrie de­
tection methods, enzymatically controlled analysis 
and the direct color (ACAREX) analysis, for gua-
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nine in house dust were mainly at the higher con­
centrations (Fig. 1). Discrepancies were less at the 
lower concentrations where distinctions could be 
made between significant and nonsignificant 
amount of the mite product 
The points appear scattered when total mite 
numbers are plotted against total guanine in the 
dust (Fig 2), especially in furniture and mattress 
samples, which contained more mites and guanine. 
Except for one furniture sample, high mite num­
bers (>100 mites/g dust) did not occur at guanine 
concentrations of less than 0.6 mg/g dust on floors, 
mattresses, and furniture in this study. 
If we consider the relationship between nano­
grams Der ρ I and mg guanine per gram dust (Fig. 
3), it is clear that below 0 6 mg guanine g dust, 21 
of 22 samples (96%) contain less than 2,000 ng Der 
ρ I (Fig. 3). This has been suggested as the signif­
icant concentration of mite antigen (Platts-Mills et 
al. 1985). On the other hand. 12 samples (all from 
floors) had less than 2,000 ng Der ρ I, but more 
than 0.6 nig guanine, suggesting that mites ex­
creting an allergen other than Der ρ I were also 
present. 
Discussion 
Discrepancies between the two colorimetrie 
detection methods for guanine may have result­
ed from the fact that the direct color analysis 
(ACAREX) is assessed in steps (all guanine values 
higher than 10 mg/g dust are indicated by 
ACAREX-step 3), whereas the enzymatic con­
trolled analysis has a running scale, 
The excreta of bloodsucking and fasting ixodids 
and argasids contain 1-98?ί guanine; the percent­
age is determined not only by species and stage 
but also by the type of food consumed and meta­
bolic activity (Hamdy 1972, 1973a,b, 1977). The 
puzzling low level of correlation between total 
numbers of all mites and the guanine content in 
this study may only be explained when we know-
more about the quantitative relationship between 
feeding and guanine production of the different 
acariñe taxa in the home environment. 
Wharton (1971, 1976) was the first to formulate 
a sanitär) standard for pyroglyphid mites. How-
ever, a clinically and ecologically supported value 
of <10 mites/0.1 g of dust became available only 
recently through the work of Korsgaard (1983a, b, 
1984) in Denmark. In mattress dust in the Neth-
erlands the sanitary standard correlated well with 
a guanine concentration of 0.6 mg g dust (Bron-
swijk 1986). 
Platts-Mills et al. (1985), while accepting the 
standard of 100 mites g dust for Australia, Den-
mark, the Netherlands, United Kingdom, and Pa-
pua New Guinea, expressed the hygienic standard 
in nanograms of Der ρ I/g dust, and considered 
values below 400 ng as very low, and up to 2.000 
as low and not significant. Starting from these fig­
ures Bischoff & Schirmacher (1986) extended the 
concept of Maximal Allowable Content of mite-
antigen in the dust to the ACAREX-scale. This 
suggests that all readings below class 1 (slightly-
positive, 0.0-0,8 mg guanine/g dust) are nonsig­
nificant for patients with an allergy to mites in 
house dust. Our finding of 0.6 mg guanine/g house 
dust as a Maximal Allowable Concentration is con­
sistent with this published information. 
Although the correlation between the results of 
the direct azo dye method and the specific enzy­
matic-controlled analy sis was not precise, the direct 
color reaction test (ACAREX) appears to be very 
suitable in evaluating the mite allergenicity of set­
tled dust from the indoor environment. Further­
more, a provisional Maximal Allowable Concen­
tration for settled dust in homes can be formulated 
as 0.6 gm guanine, g dust. In most cases, the step-
w ise guanine test can be used to discriminate be-
tween dust below and above this level. This pro­
visional standard should be further evaluated in 
various regions of the world. 
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CHAPTER II: Q U A N T I F I C A T I O N O F A L L E R G E N E X P O S U R E 
DETECTION COLORIMETRIQUE DES MOISISSURES ALLERGISANTES DE 
L'HABITAT DOMESTIQUE 
(COLORIMETRIC DETECTION OF ALLERGENIC FUNGI IN THE INDOOR 
ENVIRONMENT) 




Détection colorimétrique des moisissures 
allergisantes de l'habitat domestique 
F.M. KNIEST* 
RESUME — , SUMMARY 
Les allergènes produits par les moisissures peuvent induire 
des réactions allergiques cutanées positives chez 10 à 
30 % de la population. La croissance des moisissures dans 
les habitations et l'excrétion d'exo-enzymes dans la pous-
sière domestique est un phénomène normal. Le développe-
ment d'un test de détection simple et rapide destiné à 
déterminer la quantité d'allergènes des moisissures domes-
tiques est souhaitable. La production d'enzymes telles que 
celles qui sont mesurées avec les bandes AP1ZYM paraît 
pouvoir être utilisée. Cette production est comparée à la 
croissance des moisissures à l'aide de tests de laboratoire 
utilisant une moisissure domestique xerophile très fréquente. 
Aspergillus repens. Dans un milieu de culture composé de 
résidus de rasage (squames épidermiques et poils de barbe) 
on a pu observer un accroissement de trois phosphatases, 
de deux esterases et de N-acetyl-béta-glucosaminidase. Une 
étude avec d'autres milieux nutritifs naturels, testant d'au-
tres moisissures xerophiles sera effectuée ultérieurement. 
Le rôle de certaines moisissures en tant que 
pneumallergènes, est actuellement parfaitement 
établi [10]. La connaissance de l'allergie aux 
moisissures est ancienne. En 1873 déjà, Blackley 
[4] dans une auto-observation avait montré que 
l'inhalation de spores de moisissures pouvait 
provoquer des accès de rhume des foins. En 
1924, Storm Van Leeuween [14] considère que 
la moitié des patients asthmatiques présente 
une hypersensibilité aux spores de moisissures, 
Les allergènes incriminés sont présents dans 
les spores de moisissures ainsi que dans le my-
celium ou dans le substrat de croissance. 39 p. 
cent seulement des moisissures signalées dans 
le milieu domestique ont été testées quant à 
* Laboratoire d Ectoparasitologie et Milieu de Thabitation. Groupe 
de Travail « Maison et Santé », Université de l'Etat, Catharijnesmge! 
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Colorimetrie detection of allergenic fungi ¡η the indoor 
environment. — The allergens, produced by the fungi, can 
induce allergic skin-problems in 10-50 p. cent of the popu­
lation. Fungal growth in dwellings and linked excretion of 
exo-enzymes is a normal phenomenon in house-dust. The 
development of a simple and quick test to measure the 
quantity of fungal allergens in house dust seems necessary. 
The enzyme production, as measured by the AP1ZYM me­
thod, seems a useful base. In laboratory tost, growth of 
a very common xerophilic fungus Aspergillus repens, is 
related to measure enzyme production. An increase of three 
phosphatases, two esterases and N-acctyl-beta-glucosamini-
dase could be found on a growth medium of human dander 
and beard hairs. Experiments with other natural growth 
media and with other common xerophilic fungi are planned 
in the near future. 
leur potentiel allergénique [6] , Les tests cuta-
nés réalisés avec ces moisissures chez des pa-
tients sensibilisés sont positifs dans 10 à 32 p. 
cent des cas [6] . D'autres recherches actuelle-
ment poursuivies vont également dans ce sens 
[8, 12, 13]. 
Les moisissures allergéniques sont capables 
d'induire la production d'anticorps chez l'hom-
me [11]. Un patient allergique aux moisissures 
n 'aura aucun symptôme lors d'un séjour dans un 
endroit dépourvu de spores de moisissures. Des 
symptômes liés à l 'hyperréactivité bronchique 
restent cependant possibles. Il pourrait y avoir 
une relation entre la croissance des moisissures 
et la production des allergènes. 
La croissance des moisissures est un problè-
me mondial. Les habitations modernes en Eu-
KNIEST F.M. — Détection colorimétrique des moisissures ¡ 
allergisantes de l'habitat domestique. Rev. ir. allergol., 1988, 
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rope occidentale contiennent un très grand 
nombre de biotopes propices aux moisissures 
tels que les papiers peints, les peintures, les 
animaux domestiques et les plantes, les déchets 
nutritifs de toute sorte [7 ] . 
Les allergènes produits par les moisissures 
sont une part des nombreuses causes « bioti-
ques » des affections respiratoires. Une des 
possibilités permettant de résoudre les pro-
blèmes d'allergie aux moisissures est d'abaisser 
le niveau de ces allergènes dans l'environne-
ment domestique, et dans la poussière de mai-
son. Or, la détermination du niveau des aller-
gènes des moisissures est non seulement coû-
teuse, mais encore difficilement praticable. Ainsi 
les analyses utilisant l'inhibition du RAST, qui 
peuvent donner une indication sur la concentra-
tion des allergènes ne sont réalisables qu'avec 
l'aide d'un laboratoire spécialisé. Il paraît oppor-
tun, et même nécessaire, de rechercher une mé-
thode simple et aisément applicable par le pra-
ticien, permettant de contrôler régulièrement le 
niveau des allergènes de moisissures dans l'envi-
ronnement du patient. 
La croissance des moisissures peut être mise 
en rapport avec la quantité d'enzymes exogènes 
sécrétées dans le milieu de croissance. Les en-
zymes, excrétées à l'extérieur du mycelium se 
retrouvent dans la poussière de maison. 
Le but de cette étude est de rechercher s'il 
existe une relation entre l 'augmentation des exo-
enzymes dans un milieu nutritif et la croissance 
des moisissures xerophiles dans ce milieu. Cette 
relation constituera la base de développement 
d'un test de détection d'une activité fongique. 
Ce test pourrait alors permett re de déterminer 
l ' importance des allergènes de moisissure pro-
duits dans un endroit déterminé, puis de vérifier 
la réduction de ces allergènes après application 
de mesures d'éviction. 
MATERIEL ET METHODES 
Un mélange de squames épidermiques et de 
poils est prélevé avec un appareil de rasage (mar-
que : Braun micron, Rép. Féd. d'Allemagne). Du-
rant 72 heures on expose un tiers de ce matériel 
aux U.V.-C de quatre lampes germicides de 15 
Watts (253,7 nm) (TUV-lampe germicide, Philips, 
Eindhoven, Pays-Bas) placées à 10 cm du sub-
strat . Les particules sont étalées et agitées trois 
fois par jour pour assurer leur exposition totale. 
L'autre partie du matériel n'est pas irradiée. 
Sur des milieux de Czapek on réalise une cul-
ture d'Aspergillus repens. On y dépose deux ml 
d'une solution de Tween 80 (0,02%) avant de 
secouer fermement et soigneusement. On obtient 
• РЖ KNIEST/ 
ainsi une suspension de 100 000 spores/ml au 
minimum. De cette suspension on prélève 0,1 ml 
pour le mélanger à 50 mg de substrat irradié 
(«Test UV »). Pour l'expérience cinq suspensions 
de spores sont nécessaires. 
Dans cinq boîtes de Petri stériles partiellement 
remplies de plâtre (CaSO ; Boamix, Pays-Bas) on 
place un filtre stérile, humidifié à l'aide de 3 ml 
d'eau distillée stérile. La suspension (matériel 
traité) est divisée en 5 parties déposées en cercle 
sur le filtre de chaque boîte de Pétri. Celui-ci 
permet d'éviter le dessèchement du matériel 
traité. Les boîtes sont ensuite scellées et conser-
vées à 20 "C et 75 p. cent d'humidité relative. 
Après 0 heure, 36 heures, 7 jours, 2 semaines 
et 4 semaines, on compte les spores en re-suspen-
dant totalement les cinq parties assemblées d'une 
boîte de Pétri dans 5 ml d'eau distillée stérile 
ensuite placée dans un hémocytomètre. On y dé-
nombre 25 cases de 1/16 mm a (le nombre de 
spores observé sera multiplie par 32 000 pour 
obtenir le nombre de spore/ml). 
Pour la détermination Apizym (kit de détection 
enzymatique développé en France ; Api System 
S.A., Montalieu Vercieu, France), on ajoute 5 ml 
d'eau distillée stérile à la suspension restante. 
De ce liquide on pipette chaque fois 65 micro-
litres dans chacun des 20 microtubules du kit 
Api/vm, lequel est maintenu pendant trois heures 
à 37 0C. On ajoute ensuite deux gouttes de zymA 
et de zymB respectivement pour chaque micro-
tubule afin de produire la réaction. Après dix mi-
nutes. on élimine la couleur jaune interférante 
du réactif zymB au moven d'un rayonnement 
sous lampe de 1 000 wat ts (Lampe halogène E9 ; 
Philips, Eindhoven, Pavs-Bas) durant une minute. 
La réaction colorimétrique résiduelle du test 
Apizym (zvmogramme) révèle la quantité d'en-
zymes présentes dans le mélange de squames 
avant, et pendant la croissance de la moisissure 
Aspergillus repens. Il est possible de démontrer 
la présence de 19 enzymes différentes : trois 
phosphatases, trois esterases, huit glucosidases 
et cinq proteases. On détermine l'intensité (0, I, 
2, 3, 4, 5) à l'aide d'une échelle colorimétrique. 
On peut ainsi déterminer la quantité d'enzymes 
détectées correspondant à la quantité de substrat 
hvdrolysé en nanomoles pouvant s'élever à 0, 5, 
10, 20, 30 et > 40 nanomoles. Une erreur de 20 p. 
cent est admise. 
De cette manière, deux séries témoins (sans en-
semencement de moisissures) ont été testées : 
l'une correspondant à 50 mg de squames non ir-
radiés aux U.V.-C (« Témoin ») et l 'autre corres-
pondant à 50 mg de squames irradiés ( « Témoin-
UV »). Pour chaque série, on ajoute au matériel 
0,1 ml de solution Tween 80 (0,02 "Ό) à la place 
d'une suspension de spores fongiques. L'expé-
rience est menée en duplicata. 
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TABLEAU ï. — Zymogrammes (en unttés) du milieu de résidu 
de rasage (squames épldermiques poils de barbe) non Irradié 
aux UV-C ei non inocule avec des spores de moisissures (témoin) 
durant une période d'incubation de quatre semaines (25 "C ; > 75 ett 
humidité relative). Après quatre semaines une sporulation 
d'Aspergiïlus niger et PcniciUium sp est observée. 
TABLEAU IL — Zymogrammes (en unités) du mitieu de résidu 
de rasage (squames épidermlques poils de barbe) irradié aux UV-C 
et non inocule avec des spores de moisissures (témoin UV) 
durant une période d'incubation de quatre semaines (25 "C ; 
> 75 4 humidité relative). Après quatre semaines aucune sporulation 
de moisissures ne ье produit. 












































































































milieu de résidu 
Tant la solution stérile Tween 80 que l'eau sté-
rile utilisée montrent une activité enzymatique 
de moisissures très limitée. 
Le milieu de squames épidermiques et poils 
de barbe non irradié («Témoin») contient un 
très grand nombre de spores viables, le nombre 
en début d'expérience étant estimé à moins de 
32 000 spores par ml. Après une semaine d'incu-
bation, le substrat nutritif est couvert d'un grand 
nombre de différentes moisissures des genres 
Aspergillus sp et Pénicillium sp. Le nombre de 
spores est estimé à 7,2 X IO" par ml. Parallèle-
ment, on observe une augmentation de l'activité 
enzymatique (tableau T). 
Le milieu témoin irradié ( « Témoin UV ») ne 
présente par contre aucune sporulation de moi-
sissure, même après quatre semaines d'incuba-
tion. On retrouve tout au plus, un mycelium sté-
rile à peine perceptible à l'œil nu. Le nombre de 
spores comptées à rhemocytometre ainsi que 
l'activité enzymatique sont peu modifiées (ta-
bleau II). 
Les échantillons squames épidermiques et poils 
de barbe irradiés, inoculés avec des spores de 
moisissures Aspergillus repens (Test UV) mon-
trent au temps zéro une quantité de spores de 
22,4 χ 104 par ml. Après 36 heures, le nombre 
de spores est diminué, se chiffrant à 32 χ 10я 
(du fait de la germination). Il s'élève ensuite à 
nouveau et atteint après quatre semaines jusqu'à 
cinq fois la quantité initiale. Après deux semaines 
d'incubation, une sporulation de moisissure appa-
raît (il s'agit selon toute probabilité à'Aspergillus 
repens). Après quatre semaines d'incubation, la 
sporulation d'Aspergiïlus repens est nettement vi-
sible. 
de rasage (squames épidermiques poils de barbe) irradie aux UV-C 
et inocule avec des spores de moisissure Aspergillus repens 
(Test UV *J durant une periode d'incubation de quatre semaines 
(25 UC; > 75 Oo humidité relative). Après quatre semaines, 
une sporulation d'Aspergtilus repens se produit nettement. 



















































Corrigé par i 'aetnite enxvmatìqvtc du témoin (témoin ÜV) pour 
e\actement cerner l'effet de ^Aspergillus repens. 
Parallèlement à cette croissance ^Aspergillus 
repens, on observe une nette élévation de l'acti-
vité des six enzymes : phosphatases alcaline et 
acide, Phosphoamidase, esterase C4, lipase/este-
rase C8 et N.acetvl-beta-glucosaminidase (ta-
bleau Ш ) . 
DÏSCUSSIOX ET CONCLUSION 
Par comparaison avec le témoin stérile, l'expé-
rience montre une nette relation entre l'augmen-
tation des six exo-enzymes produites par Asper-
gillus repens et la croissance de cette moisissure. 
En vue d'obtenir un test enzymatique largement 
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utilisable pour la détection des moisissures pul-
vicoles, les /.ymogrammes d'autres moisissures 
xerophiles des genres Pénicillium, Aspergillus et 
de Wallemia sebi doivent être définis. Dans le 
même contexte devront être testés d'autres sub-
strats, assimilables à la poussière de maison, afin 
de détecter l'éventuelle influence de la composi-
tion et de la qualité du substrat sur la produc-
tion enzymatique. 
Depuis peu, il existe un test semi-quantitatif et 
indirect de détection de la concentration des al-
lergenes des acariens commercialisé sous le nom 
d'Acarex R*. Ce test est basé sur la mise en évi-
dence d'un produit d'excrétion des acariens, la 
guanine. Il a été confirmé que la guanine présente 
dans la poussière de maison provenait essentiel-
lement des acariens de la poussière de maison 
[5]. Contrairement à la guanine, les enzymes pré-
sentes dans la poussière de maison peuvent pro-
venir d'un grand nombre d'organismes autochto-
nes tels que les bactéries, les acariens et les in-
' Werner and Meri/, Spalte 1 raweltmeduiíi, MAINZ (RFA). 
sectes (Kniest et coll. [9]). C'est pourquoi, il 
parait nécessaire d'identifier clairement les enzy-
mes spécifiques des moisissures dans l'optique 
d'un test de détection précis. Les phosphatases, 
paraissent ainsi peu adéquates comme premier 
indicateur d'activité fongique. La combinaison 
des, phosphatases et de la très spécifique N-acetyl-
beta-glucosaminidase (chitinase) semble plus ap-
propriée. 
Cet ou ces indicateurs devront donc en pra-
tique être spécifiquement mis en relation avec 
des cas d'asthme induits par les moisissures. Cet 
indicateur devrait permettre la détermination 
d'un seuil limite d'exposition. Le test pratique 
permettant de mesurer l'activité des moisissures 
allergisantes dans des échantillons de poussière 
de maison et d'évaluer l'efficacité des mesures 
anti-allergènes n'est pas encore mis au point, 
mais une importante étape a été franchie. D'au-
tres travaux concernant ce sujet sont en cours. 
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SUMMARY 
Enzymatic (phosphatase) activity (naphthol-release made visible with diazonium salt) of 10 
mattress dust samples was correlated with number of counted arthropods, ftmgal spores and 
bacteria. This method can be helpful in the evaluation of large number of dust samples e.g. 
from "riskful" areas or from sick buildings. 
INTRODUCTION 
Mites, other arthropods such as insects (Bronswijk, 1981), bacteria (Bronswijk, 1981) and a 
number of fungal species (Bronswijk et al, 1986) produce or confect allergens under 
domestic conditions. It would therefore be useful to have a simple, rapid and inexpensive test 
to enable large numbers of homes, e.g. in "riskful" areas, or with "riskful" 
inhabitants/workers, and "sick-buildings" to be screened for biotic contamination in general 
(O'Brien and Colwell, 1987). This test should preferably be perfoimed on dust collected by 
the vacuumcleaner, since this material is most readily available. Dust can originated from 
textile and non-textile objects, as well as from the interior of air-conditioning systems. 
In our search for an organic component produced by all micro-organisms in the domestic 
environment we came upon three extracellular enzymes, acid and alkaline phosphatase and 
phospho-amidase. These enzymes are known from house-dust (Bousquet et al, 1982). They 
are produced in the alimentary canal of mites (Baker, 1975), spiders (Arvy, 1962) and insects 
(Belage et al, 1979), as well as by fungi (Stevens and Relton, 1981), protozoa (Arvy, 1962), 
bacteria (Bridge and Sneath, 1983), algae (Lewin, 1962) and germinating pollen (Stanley and 
Linskens, 1974). However, these enzymes are also known from epidermal material shed by 
man (Garidelli et al, 1980) and his pets (Montagna and Ellis, 1962). 
MATERIAL AND METHOD 
In order to test the hypothesis that phosphatase levels may be used as an indicator for 
general biodc activity in house dust, we investigated 10 samples (and a control) of dust 
collected by vacuumcleaner from different mattresses in homes in the city of Utrecht and 
environment. Aliqouts of 0.2 g were investigated for arthropodal remains with the 
glycerol/saturated sodium chloride flotation method (Bronswijk, 1981). Two subsamples of 
0.02 g were needed to grow and count fungi with the dilution plate method on malt-agar with 
34% sucrose added (95% water activity)(Lustgraaf, 1977). For bacterial counts a 
Bouillon-agar (Trypticase Soy Agar, BBL Microbiology systems, Cockeysville, MD 21030) 
medium was used, employing the above mentioned dilution plate method for quantitative 
results. Arthropodal fraction consisted mainly of pyroglyphid mites, and fungal fraction of 
xerophilic diaspores. For ranking purposes, the total amount of organisms was used, with the 
exception of numbers of bacteria and fungal spores that were divided by 1000. 
For enzyme analysis 50 mg aliquots of the dust were fixed in 10 ml distilled water each. 
Apizym test (Api-Benelux, s'Hertogenbosch, the Netherlands) which is a semi-quantitative 
method designed for the research of enzymatic activity, was used. Each Apizym gallery is 
composed of 20 microtubes, the bottom of each which is a cellulosic support specially 
designed to contain the substrate (naphthol) and the buffer for the determination of (for our 
purpose) phosphatase activities. When an enzyme is present the substrate releases the 
naphthol that is made visible with a diazonium salt (Bousquet et al, 1980). 65 ul mattress 
dust suspension was added to each microtubulus of the test set. After a 4 hour incubation at 
37 degree C, color reactions were performed by adding ZymA and ZymB (Burstone, 1958; 
Gomori, 1956). Concentrations were read from the Apizym-coior chart. A value ranging 
from 0 to 5 can be assigned corresponding to the colors developed. Zero corresponds to a 
negative reaction; 5 to a reaction of maximum intensity. The approximate number of free 
nanomoles may be known from the color strength: 1 corresponds to the liberation of 5 
nanomoles, 2 to 10 nanomoles, 3 to 20 nanomoles, 4 to 30 nanomoles and 5 to 40 or more 
nanomoles (for calculation purposes we use 40 nanomoles). All investigations were done in 
duplicate. Rank correlation tests (Spearman) were used (Siegel, 1956) and total rankings 
were calculated by adding seperate rankings. P-values of less than 0.05 were considered 
significant 
RESULTS AND DISCUSSION 
Results are described in Table 1. The control mattress showed, as expected from literature 
data (Bronswijk, 1981; Lustgraaf and Jorde, 1977; Swaebly and Christensen, 1952), a low 
amount of viable organisms and less enzymatic activity. 
Table 1: Numbers of viable organisms (or their diaspores), nanomoles of phosphatase 











































































































































Contr.= Control mattress (used for two months only) 
N.D. = Not Done 
* Bacteria on new mattresses (Swaebly & Christensen, 1952): 60/g 
** Fungi on new mattresses (Lustgraaf & Jorde, 1977): 0 - 1000/g 
Bronswijk (1981) found only small number of dead mites in brand new mattresses that had 
not yet been used. According to Swaebly and Christensen (1952) very few bacteria and 
3 3 
fungal spores were found in new mattresses (foam rubber): 0.06 χ 10 bacteria/g and 1 χ 10 
fungi/g. Lustgraaf (1977) examined three less than 6 months old mattresses and found no 
viable fungal spores. 
The added content of the combination of two phosphatases (acid and alkaline) and the 
presence of tested viable organisms was positively correlated (Table 2) indicating these tests 
to be possibly useful in determining the biological pollution of the indoor environment in 
general. 
Table 2: Spearman correlation matrix of all possible combinations of enzymatic activity and 
number of viable organisms (bacteria, fungi and fungal diaspores, arthropods) in 10 
mattresses dust samples. Enzyme 1 is acid phosphatase, enzyme 2 is alkaline phosphatase and 
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An other interesting significant correlation was seen between number of fungal diaspores and 
amount of detected alkaline phosphatase. In laboratory tests, growth of a very common 
xerophilic fungus Aspergillus repens. has already been related to excreted enzymes (e.g. 
phosphatases) (Kniest, 1988). 
The impact of environmental risk factors is present for individuals with and without a genetic 
propensity to become sensitized. Tobacco smoke, NO2, SO2, and ozone are non-biotic 
substances that seem to play a role in the development of allergy. Exposure to aero-allergens 
(biotic substances) are without doubt even more important factors in order to become 
sensitized against these allergens and to develop symptoms of allergy. The sensitization is 
influenced by time and amount of exposure and at what age the exposure took place. These 
factors influence the rate of sensitization especially in (very young) children. At any case 
exposure to house-dust mite (but probably also other allergen producers) appear to facilitate 
the sensitization to these allergens. All organisms living in house (dog, cat, man) and in 
house dust (mites, fungi, insects, algae, bacteria) are capable of producing aero-allergens as 
well as phosphatase enzymes (Bousquet et al, 1980). Thus a screening test for the biotic 
activity based on phosphatases, and therefore a measure for possible allergen production, 
could be a helpful toal in environmental allergological research. Dwellings of predisponed 
people (especially when pregnant) could then be checked on total biotic environmental risk 
factors. 
Furthermore the screening of a large number of buildings (houses) by counting house-dust 
inhabitating organisms is very dme-consuming and expensive. Therefore this overall 
detection test with the aid of enzymes could be cheap and effective substitute. However 
further investigations in different habitats and in more buildings are necessary and in 
progress to possibly formulate a hygienic standard for indoor biological contamination with 
minimal allergen risk. 
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REDUCTION AND JOINED COLORIMETRIC 
QUANTIFICATION OF ALLERGEN SOURCES: 
A CASE STUDY 
F.M. Kniest 
Laboratory of Ectoparasitology and Domestic Hygiene, Department of Dermatology, 
Utrecht State University, Utrecht, The Netherlands 
In the indoor environment mites, insects, and xerophilic fungi, the house-dust allergens, are the 
most important producers of allergenic substances. Colorimetrie quantification of allergologic-
ally relevant mite infestation in house dust was performed by detection of the nitrogenous waste 
product, guanine, to follow home sanitation effectiveness after acancidal cleaning. The decrease 
in number of mites after acaricidal treatment can be measured quantitatively by the amounts of 
guanine present in house dust before and directly after treatment. 
EI 87-134 (Received 4 November 1987; Accepted 12 January 1989) 
INTRODUCTION 
About 10% of the western European population 
have an atopic disposition for "house-dust allergens" 
(Gregg 1983). Allergic asthma, hay fever, atopic der-
matitis, rhinitis, and conjunctivitis belong to the group 
of atopic diseases (Young 1987). 
There are two approaches to take in studying the 
distribution and abundance of house-dust allergens. 
The first one is based on the assumption that aller-
gens are biologically active substances that can be 
isolated, analyzed, and characterized without regard 
for their specific source. The second approach is a 
systematic scan of the various particularly likely 
allergen sources in house dust for their allergenic 
activity. 
This latter approach is based on the assumption of 
a direct relationship between the amount of aller-
gen^) and the number of its confectioners (source). 
Detection of products other than allergens from bio-
logical confectioners, such as excrements or secre-
tion products, is based on the same relationship 
Semi-quantitative detection of allergen confection-
ers can be achieved by laborious methods like counting 
organisms or by determination of the amount of their 
specific excretion/secretion products in house dust. 
In this case study we report the results of a sanita-
tion procedure measured by the detection of excre-
tion products of an important allergen source, house 
dust mites. Sanitation was executed with the aid of 
an acaricidal cleaning agent. Laboratory tests dem-
onstrated the high acaricidal effect of the agent used 
(Schober et al. 1987). 
The recently proposed hygienic standard for mite 
numbers and guanine content were used as starting 
points for this study. According to Korsgaard (1983), 
the relative sensitization risk for the development of 
hours-dust mite allergy appears to be below the level 
of that hygienic standard. 
After reporting on these case-study findings we 
discuss the theoretical background of colorimetrie 
detection of fungal and insect activity. 
A CASE STUDY IN THE NETHERLANDS 
Acarological and guanine analyses of 30 sam-
ples of natural dust from 3 Dutch buildings, in and 
around the city of Utrecht, were performed in order 
to assess guanine content and allergologically rel-
evant mite infestation. Standardization of sam-
pling was obtained by vacuum cleaning all objects 
for 2 min per m2. Dust samples from floorcoverings 
were kept separately from mattresses and furniture. 
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Mites were expressed in number per gram of dust, 
and guanine by concentration in mg per gram of dust. 
For mite number the Danish hygienic standard of 
100 mites (Pyroglyphidae) per gram of dust, accord-
ing to Korsgaard (1984), was used as starting point. 
For guanine, the hygienic standard advised by Bronswijk 
(1986) (0.6 mg guanine/g dust) was used. All mean val-
ues, except mite numbers in textile floorcoverings, ex-
ceeded the proposed hygienic standards before treatment. 
Sanitation of all textile material like floorcoverings, pad-
ded furniture, and mattresses was therefore a neces-
sity. 
After the assessment of mite numbers and the 
concentration of guanine of all textile material, a 
treatment with an acaricidal cleaning agent 
(ACAROSAN®; Chemische Werke Werner & Mertz, 
Ingelheimerstr, Mainz, FRG) took place. All textile 
floorcovering, padded furniture, and mattresses of 
these 3 houses were treated. Four times 
within 8 months, mite numbers (dead or inactive 
and alive or active) and guanine concentration, was 
measured by using the ACAREX test (Werner & Mertz, 
Sparte Umweltmedizin, Ingelheimerstr, Mainz, FRG). 
As a control, mite numbers and the amount of gua-
nine of floorcoverings were assessed in 32 different 
houses in the Netherlands during the same period. 
These samples were sent to us by several Dutch 
physicians in order to assess the amount of ectopar-
asites present in their patients* house dust. The sam-
ples were evenly distributed throughout the 5 
sampling periods: For August and December each of 
the 5 house-dust samples were examined, October 
and April each had 7 samples examined, and in Sep-
tember 8 samples were taken into account. 
One month after acaricidal treatment, the results 
(as seen in Fig. 1 and Fig. 2) show, in comparison 
Fig. 1. Geometrical mean for the number of pyroglyphid mites (active and inactive) per gram of dust. Dust was collected by vacuum 
cleaning the furniture and mattresses (I) and textile floorcoverings (II) of three dwellings in and around the city of Utrecht from Au-
gust 1985 till April 1986. Acaricidal cleaning look place immediately after the first dust collecting. One hundred miles per gram of 
dust was used as the (Danish) hygienic standard. As a control, dust was collected from textile floorcoverings in 32 different houses 
during the same period. 
Colorimetrie quantifications of allergen sources 
with the control, a significant decrease of active and 
inactive mite numbers and also a comparable de-
crease of the guanine content. Student T-test gives a 
significant difference of average number of ac-
tive pyroglyphid mites before and after treatment 
(p<0.05), as well as a significant difference for 
guanine levels (p<0.05) (Köhler et al. 1984). Fur-
thermore, a low value of correlation was found 
between the amount of guanine present in textile 
floorcoverings in treated and nontreated houses dur-
ing the sampling period (Spearman's rank correlation 
test; r=0.1; n=5; p>0.05) (Köhler et al. 1984). 
After sanitation all objects showed values for mite 
numbers and guanine content below the proposed 
hygienic standards. On the basis of these measure-
ments we can say that allergologically hygienic 
conditions were created. The acaricidal cleaning 
treatment was successful and with the aid of a quick 
and easy semiquantitative method the process of san-
itation could be monitored. 
DISCUSSION 
House dust as a mixture of allergens 
House dust is macroscopically seen as a mixture 
of many, mostly brown or grey colored, particles and 
fibers. It consists of house-own particles that can 
nearly all be airborne, such as hairs, skin or scales 
from men and domestic pets, sand, feathers, textile 
fibers, food crumbs, and so on. 
Many micro-organisms are present in house dust. 
They are divided into allochthonic (noninhabitants) 
and autochthonic (inhabitants) organisms. Autochtho-
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Fig. 2. Arithmetic mean for the amount of mg guanine per gram of dust. Dust was collected by vacuum cleaning the furniture and 
mattresses (I) and textile floorcoverings (II) of three dwellings in and around the city of Utrecht from August 1985 till April 1986. 
Acaricidal cleaning look place immediately after first dust collecting. An amount of 0.6 mg guanine per gram of dust was used as hygienic 
standard (after Bronswijk). As a control, dust was collected from textile floorcoverings in 32 different houses during the same period. 
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dust environment and are the main producers of house-
dust allergens. Mites, insects, and xerophilic fungi 
(Bronswijk et al. 1986) form the most important 
representatives in this group. A significant correla­
tion exists between the number of house-dust mites 
(Dermatophagoides sp.) and the quantity of allergens 
(Voorhorst et al. 1967). 
Not all confectioners of atopic allergens have the 
same importance. The contribution by an organism to 
allergen exposure depends on the densHy of that 
organism as well as on its biomass and physiological 
activity, and also on the sensitivity spectrum of the 
atopic person concerned. In the Euro-American hab­
itat an average biomass of 6.5 mg is present in 1 g of 
house dust (Lustgraaf et al. 1978). 
One hundred mites per 1 g of dust was sug­
gested as a hygienic standard in homes in Denmark 
(Korsgaard 1984). Conditions are, allergologically 
speaking, hygienic when this advised hygienic stan­
dard is not exceeded. Below this level the sensitiza­
tion risk for patients allergic to house-dust mites 
appeared to be the same as in the background popu­
lation. 
Seasonal variation of the population development 
of pyroglyphid mites has been reported, except for 
the inner tropical zone, for all regions of the world 
(Bronswijk 1981). In the Netherlands, Spieksma (1967) 
found the highest total mite number on livingroom 
floors in the months of August, September, and Oc­
tober. Lustgraaf (1978) and Bronswijk (1973) also 
reported changing of mite numbers in mattresses with 
the season. In July and August active (alive) speci­
mens οι Dermatophagoides pteronyssinus were most 
abundant in this habitat. Inactive (dead) specimens 
were most abundant in the months of July, August, 
and October. A positive correlation exists between 
the number of D. pteronyssinus (dead and alive) on 
bedroom floors and in mattresses (Bronswijk 1973). 
For this reason, the results as seen in Fig. 1 and Fig. 
2 for textile floorcoverings (controlled values) can 
be compared with noncontrolled samples of mattresses. 
Because of the seasonal variation of house-
dust mites, the concept of the Danish standard from 
Korsgaard was recalculated on less variation-liable 
standards. Platts-Mills et al. (1985) based his stan­
dard on 2000 ng allergen PI (Der PI) of pyroglyphid 
mites/g dust, and Bronswijk (1986) suggested a gua­
nine concentration of 0.6 mg guanine/g dust as a 
provisional standard. Pl-allergen as well as guanine, 
both excretion products of pyroglyphid mites, are 
less dependent on seasonal variations than mite num­
bers. 
3-1 
Соіогіт ігіс quantification of collected allergen sources 
House dust collected by vacuum cleaning may be 
scanned for the most important allergen sources by 
two methods. First of all, laborious methods like the 
flotation method for arthropods and the dilution-
plate technique for fungi (Bronswijk et al. 1978) and 
bacteria exist. Arthropods can be extracted from the 
dust by the glycerol/saturated NaCl flotation method 
used by Bronswijk (1981). Insects as well as mites, 
dead or alive, are collected on the surface of the used 
liquid with the aid of a preparation microscope. All 
organisms are then mounted, identified, and counted. 
On the other hand, it is also possible to detect 
specific excretion and/or secretion products of aller­
gen confectioners in settled house dust. Research has 
already been completed on enzymes, uric acid, and 
guanine. Phosphatases can be used as a measure for 
the general biotic activity of house-dust samples . 
Furthermore, it is possible to detect enzymatic activ­
ity in house-dust extracts associated with moulds 
(Bousquet et al. 1980; Kniest 1988). There is also a 
good correlation between insect numbers and uric 
acid content (Sen and Vazquez 1969). Guanine is not 
only an essential constituent of vital nucleic acids, 
but is also the main end product of nitrogenous waste 
excretion in arachnids. A quick and easy method to 
semiquantitatively determine the guanine content of 
house dust is by fixing it to an AZO dye (aromatic 
diazonium combination, such as diabenzol-p-sulfa-
nic acid) with a brown-red color, which is already 
available (Bischoff and Schumacher 1984, 1985; 
Bischoffetal. 1985). 
A comparison (Pearson correlation) of the guanine 
level (with ACAREX) with the number of Pyroglyphid 
mites (by glycerol/saturated NaCL flotation) was exe­
cuted by Bronswijk et al. (1988), and showed a signif­
icant correlation ( r = 0.34, η = 65; 0.001<p<0.01), 
CONCLUSIONS AND DEVELOPMENT IN THE 
FUTURE 
In this case study acaricidal cleaning was effec­
tive in reducing mite numbers, especially directly 
after treatment. Also, the acaricidal cleaning agent 
(ACAROSAN ®) used reduced the amount of gua­
nine. Furthermore, it would be likely that the mite-
allergen level, which is related to the amount of 
guanine (Bronswijk et al. 1988), decreased equally. 
In that case acaricidal cleaning would be a great help 
in sanitation procedures. 
The ACAREX test ® was very useful in the detec­
tion of guanine levels. This quick and simple colori­
metrie method will allow the housekeepers and 
physicians to monitor the amount of guanine pro-
Colorimetrie quantifications of allergen sources 
duced by an important allergen confectioner, the house-
dust mite, in collected house dust. 
We expect that in the near future this guanine 
detection test will be accompanied by a color de-
tection test for uric acid and specific mold en-
zymes. Settled house dust can then be examined 
semiquantitatively for the waste products of important 
allergenconfectioning organisms. These tests will be 
useful as aids in house-dust allergen management in 
the homes of allergic patients and predisposed per-
sons. Furthermore, these tests will be helpful as an 
allergologically relevant index of the hygienic con-
ditions in the home. Hygienic standards for all im-
portant allergen confectioners can thus be developed 
and checked easily. 
In conclusion, we can say that further placebo-
controlled double-blind studies, which are in prog-
ress, carried out for a longer period of time and with 
a greater number of homes occupied by allergic pa-
tients, are necessary to confirm these promising case-
study findings. The use of a procedure (acaricidal 
cleaning) that not only kills mites, but also removes 
their allergenic excretions, accompanied by a simple 
colorimetrie method to measure the allergenicity, will 
be a very helpful tool for many house-dust mite 
allergenic persons all over the world. 
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Allergoiogische Überwachung von Wohnungen. Der Ge-
halt an Allergenen in Wohnungen von Atopikern und Allergikern 
sollte unter einer bestimmten Schwelle, dem sogenannten hvgiem-
schen Grenzwert (HGW) liegen; dadurch wird (Neu-)Sensibilisie-
rungen vorgebeugt und allergische Symptome werden vermindert. 
Einfache und schnelle Methoden des Nachweises von Allcrgen-Tra-
gem und -Produzenten sind daher unentbehrlich. Im häuslichen 
Bereich ist der semiquantitative Nachweis von Allergenquellen an 
Hand ihrer Sekretions- und Exkretionsprodukte fur einen periodi-
schen Allergennachweis im Hausstaub besonders geeignet. Solche 
Nachweismclhoden. die auch durch den angeleiteten Laien ausge-
führt werden können, wurden bereits tur den Milben- und Insek-
tennachweis im Hausstaub ausgearbeitet. Weitere Allergen-Nach-
weismethoden fur Tierhaare, Pollenkorner und Schimmelpilze sind 
in Entwicklung. Die Meßfrequenz ist von der Art des Allergenpro 
duzenten abhangig. Wenn bei diesen Überprüfungen der HGW 
überschritten wird, ist ein Sanierungsplan erforderlich. Die Sanie 
rung braucht sich nur auf die Gegenstände und Örtlichkciten zu 
richten, bei denen der Allergengehalt über diesem HGW liegt. 
Schlüsselwörter: Allergene - Hausstaub - Pyroglyphidae - In-
sekten - Schimmelpilze - Allergennachweis - Schnellverfahren -
Hygienischer Grenzwert (HGW). 
Allergen control in the home. In houses οι allergic and 
asthmatic people the quanntv of allergens should be controlled and 
kept below a defined limit (the so-called hygienic standard), to pre­
vent sensibilisation and impede allergic attacts and symptoms. A 
simple, but effective detection method of allergens or their produc­
ers is therefore unavoidable. In the indoor environment, chemical 
detection of secreted or excreted waste-products of allergen earners 
or producers is worked out for house-dust allergens, produced by 
house-dust mites and insects, using their specific metabolic products 
as parameters. More complicated methods for animal hairs, pollen 
and fungi are under development or have to be worked out. Fre­
quency of allergen control depends on the producer involved. When 
a certain hygienic standard is exceded, house-sanitation is unavoid­
able; only for those items, which hide allergen producers, accumu­
lated allergen carriers and have a too high allergencontent. 
Key u-ords: Allergen - house dust - Pyroglyphidae - fungi — 
insects - detection of allergen producers - fast methods - hygienic 
standard. 
Abkürzungen 
FEV1 Forced Expiratory Volume in I-second; in Liter (forcier-
tes ausgeatmetes Volumen der ersten Sekunde: in Liter) 
MAC Maximal Allowable Concentration 
(maximale zulässige Konzentration) 
RAST Radio-Allergo-Sorbent-Test 
IgE Immunogiobm E 
EAST Enzyme-Allergo-Sorbent-Test 
ELISA Enzyme-Linked-Immuno-Sorbent-Assay 
HGW Hygienischer Grenzwert 
Einleitung 
Nach einer Schätzung haben ungefähr 10% der 
westeuropäischen Bevölkerung eine genetisch festge-
legte Veranlagung zur Atopie mit oder ohne manifeste 
Symptome [11]. Die häufigsten intramural vorkom-
menden Allergene stammen von Hausstaubmiiben, von 
Vögel- und Haustierprodukten (Hautschuppen, Haare 
und Federn) und von Insekten, Pollen und Schimmel-
pilzen (siehe die Beiträge von Gridelet-de Saint Geor-
ges in Heft 7/88 und Pauli u. Bessot in diesem Heft). 
Eine allergologische Überwachung der Wohnung 
ist bei Atemwegsgeschädigten, aber auch bei Gesun-
den mit einer positiven, auf allergische Reaktionen 
hinweisenden Familienanamnese, wichtig, um den 
Gehalt an Allergenen im weitgehend unschädlichen 
Bereich zu halten [8]. So können Neusensibilisierun-
gen verringert und manifeste allergische Symptome 
verhindert werden. Eine effektive Überwachung in 
Wohnräumen ist nur dann möglich, wenn hygienische 
Grenzwerte (HGW) festgelegt sind, einfache Nach-
weisverfahren vorhanden sind und zweckmäßige All-
ergen-Bekämpfungsmaßnahmen ausgeführt werden. 
Ziel dieses Beitrags ist es, die Möglichkeiten einer 
allergologischen Überwachung in Wohnungen zu un-
tersuchen, wobei wir unsere Aufmerksamkeit beson-
ders auf die Festlegung eines Grenzwertes und die 
Entwicklung von Nachweismethoden richten. Für die 
Allergenbekämpfung sei auf die Beiträge von Wasse-
naar, Elixmann u.a., Bischoff und Korsgaard im näch-
sten Heft hingewiesen. 
Hygienische Grenzwerte (HGW) 
Reaktionen des menschlichen Körpers auf einen 
toxischen oder allergenen Stoff sind im allgemeinen 
erst zu erwarten, wenn dieser Stoff an einer bestimm-
ten Stelle, während ausreichend langer Zeit und in ei-
ner bestimmten Konzentration (Dosis) vorhanden ist 
[2]. Die Dosen, bei denen noch kein Effekt auftritt, 
nennen wir das »no-Effect«-Gebiet. Die Breite dieses 
Gebietes sowie die Stärke des Effektes sind von der 
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individuellen Empfindlichkeit abhangig. Bei der indi-
viduellen Empfindlichkeit spielen Alter, Geschlecht, 
Gesundheitszustand, Sensibilisierung und auch der 
Grad der Überempfindlichkcit der Person für diesen 
bestimmten Stoff eine große Rolle [2J. 
Die Strategie, die befolgt werden kann, um zu 
einer Verminderung von allergischen Krankheiten zu 
kommen, besteht aus einer Reduktion der Allergenex-
position bis in dieses »no-Effect«-Gebiet. Hierdurch 
werden gelegentliche Asthma-Anfälle verhütet. Au-
ßerdem werden keine Sensibilisierung und ihre mög-
liche Konsequenz, nämlich chronische Hyperrcaktivi-
tät, stattfinden. Die Mindestanzahl von Allergenträ-
gern-'Produzenten, die eine allergische Reaktion aus-
lösen, nennt man einen Schwellenwert (außerhalb der 
Wohnung) oder einen HGW. Dieser Wert ist ver-
gleichbar mit der maximal zulässigen Konzentration, 
dem MAC. Hierbei ist aber zu bemerken, daß es sich 
beim HGW um einen praktischen Orientierungswert 
für den Patienten handelt. 
Einen hygienischen Grenzwert für Pollen in der 
Innenluft gibt es schon seit 1873 [6]: Eine Dosis von 
20-25 Pollenkornern, innerhalb 24 Stunden auf einem 
Glasplättchen von 1 cm1 gesammelt, ergab bei einer 
Anzahl sensibilisierter Personen keinen Heuschnup-
fen. Bei einer Dosis von 50-100 Pollenkörnern traten 
häufig Heuschnupfenanfälle auf. Eür diese Patienten-
gruppe ist also der HGW/Pollen = 20-25. 
Ein empirisch ermittelter Schwellenwert (HGW) 
für Schimmelpilzsporen der Art Alternaria alternata 
und Cladosporium herbarum wurde 1985 von 
Krempi-Lamprecht aufgestellt [13]; er lag bei 100 
bzw. 3000 Sporen. 
Eür Catl-Allergen (Allergen des Katzenfells) be-
nötigt man experimentell eine Dosis von 3,5 • 10 ' ng 
inhaliertes Allergen zur Induzierung einer 20%-Er-
medrigung im FEVl (Lungenfunktion) [14]. Der 
HGW/Cat l liegt also unterhalb 3,5 • 10 ' ng (nano-
gramm) Allergen des Katzenfelles. 
Was die Karenz der Hausstaubmilbenallergene 
anbelangt, hat Korsgaard [12J für dänische Häuser ei-
nen hygienischen Grenzwert von 10 Milben pro 0,1 g 
Staub ermittelt [11]. Infolge der saisonalen Schwan-
kungen der Milbenpopulation in Matratzen kann der 
HGW Milben nur grob ermittelt werden. Außerdem 
schien das relative Risiko zur Entwicklung einer 
Hausstaubmilben-Allergie in der untersuchten Patien-
ten-Gruppe mit weniger als 10 Milben pro 0,1 g Staub 
gering [1С]. Zu gleicher Zeit haben Platts-Mills und 
Mitarbeiter [15] den H G W/Milben für Australien, 
Dänemark, die Niederlande, Großbritannien und Pa-
pua-Neuguinea in ng Antigen PI pro g Staub ausge-
druckt, wobei Werte unter 400 ng als sehr gering und 
bis zu 2000 ng als gering und nicht signifikant bezeich-
net wurden. Bronswijk [8] drückt die »Maximal 
Allowable Concentration« (MAC oder Maximal zu-
lassige Konzentration) für Milben in 0,6 mg Guanin 
pro g Staub aus, wobei das Guanin ein Stoffwechsel-
produkt der Milbe ist. 
Verfahren zum Allergennachwcis 
Die allerjjologisehe Überwachung einer Wohnung ist nur 
möglich, wenn der Allergen- oder Aüergentrager Gehalt mit cinla^ 
chen und möglichst preiswerten Methoden nachgewiesen werden 
kann 
Die Methoden, die benutzt werden, um Allergene in einem 
bestimmten Extrakt nachzuweisen, sind in drei große Gruppen ein-
zuteilen: 
- Messung einer spezifischen Allergenitat bei Patienten (Pro-
vokation). 
- der individuelle physikalisch chemische Nachweis oder die 
spczitische Bindung von Allergenen. 
- Alici genproduzenten- oder Allergentrager Nachweis. 
Provokationstests (bronchial und nasal) und Hauttests (intra-
kutan, epikutan und Prick) am Menschen kann man als direkten 
Allergennachweis bezeichnen. Diese Methoden sind nur klinisch 
oder poliklinisch ausiuhrbar und daher als routinemäßige Allergen-
nachw eise durch den Patienten m der Wohnung nicht verwendbar. 
Der RAST geht von der Vorausset/ung aus. daß eine Korrela-
tion zwischen IgF.-Produktion und Allergie besteht und mißt die 
Interaktion von Allergen und spezifischem IgF [7j. Der RAST wur-
de erstmals von Wide und Mitarbeiter [191 angewendet. Variationen 
des RAST sind »RAST-Inhibition« und -RAST Interference· [lj. 
Die Ausführung des RAST ist nur in spezialisierten Laboratorien 
möglich. Beispiele von Tests, die aui enzv malischen Bindungen von 
Allcrgencn basieren, sind die Verfahren des EAST und des ELISA, 
die 1972 für den Nachweis von spezifischen Antikörpern entwickelt 
wurden
 t9] psiche auch den Beitrag von Aalberse in diesem Heft). 
in der Wohnung sind eine große Anzahl von Kleinlebewesen 
allergologisch relevant: Algen. Schimmelpilze. Insekten (Schaben, 
Silberfischchen, Ofenfischchen, Staublause) und Milben (Haus-
staubmilben, Vorratsmilbenj. Alle diese Organismen sind mit den 
normalen biologischen Methoden, z.B. durch Auszahlen, zu quan-
tifizieren. Dies gilt auch fur Pollenkorner, die fcdoch nur mühsam 
gesammelt werden können und dann ausschließlich mikroskopisch 
nachgewiesen werden müssen. Leider können diese Verfahren nur 
von spezialisiertem 1 aborpersonal durchgeführt werden. 
im Augenblick ist nur em Test auf dem Markt verfugbar. der 
sog. Acarex-Test, mit dem die als Allergentrager anzusehenden Mil-
benfäkalien im Hausstaub nachzuweisen sind [3. 4,5] (Abb. 1). Die-
ser lest basiert auf dem Prinzip, daß die Stickstoffbase Guamn im 
Milbenausscheidungsprodukt in großen Mengen vorhanden ist [7]. 
Ueil der Guamngehalt im Kot großer ist als die im Enddarm durch 
die Maillard Reaktion entstehenden allcrgencn Produkte [7], ist er 
leichter nachweisbar. Mit dem Acarex-Test kann man schnell und 
einfach einen semi-quantitativen Findruck vom Milben-Allcrgenge-
halt einer Staubprobe bekommen [20]. 
Wir sind dabei, solche Tests auch für Insekten und Schimmel-
pilze zu entwickeln. Im Gegensatz zu Milben wird bei Insekten 
jedoch der überflussige Stickstoff nicht als Guamn, sondern als 
Harnsaure ausgeschieden. Die Harnsaure kann auf ähnliche Weise, 
wie beim Acarex Test, mit einem AZO-Farbstoff angefärbt werden. 
So kann der Allergengehalt von im Hausstaub lebenden Insekten, 
wie Schaben, Silber und Ofenfischchen oder Staublausen semi 
quantitativ bestimmt werden. 
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Abb. I Der Acarcx-Tcst, mit dem man auf einfache Weise die 
Guaninment;e (Bestandteil des allcrgenreichen Lxkretionsprodukts 
von Hausstaubmilben) überwachen kann. 
Viele seim-quamitatne Si h im mei pil/bestimm ungsmelhodcn 
benutzen lebende, im Hausslaub vorhandene oder sieh in der Lutt 
befindende Schimmelpil/sporen als Maß für die SJnmmeipi l /akt i 
vital in einer Wohnung- Die sieh jetzt in Entwicklung befindende 
Methode basiert jedoch auf dem Prm/ ip , dais Schimmelpilze ihr 
Substrat außerhalb des Körpers verdauen. Dabei werden I \ o Enzy-
me sekretiert, die das Substrat {Polymere) spalten- Die freikommen-
den Monomere werden durch die 1 lyphen der Schimmelpilze aufge 
nommen. Verschiedene Substrate verlangen verschiedene Lnzvme. 
Diese enzymatische Aktivität ist im Hausstaub leicht meßbar. Von 
Schimmelpilzen bel aliene H au tsL huppen zeigten beim Vergleich 
von 18 verschiedenen Enzymen eme hohe Aktivität fur das F n / v m 
N acetyl beta-Glucosamimdase. Es durfte daher als Hinweis auf die 
Anwesenheit von Schimmelpilzen geeignet sein. Eine Routine Me 
thode zur semt-quantitativen Bestimmung von Schimmelpilzen mit 
diesen Enzymen als Parameter ist in Vorbereitung. 
Neben der Messung des Gehalts an Milben , Insekten- und 
Schimmclpilz-Allergen ist außerdem wichtig, daß der Allergenge-
halt von allgemein vorkommenden Haustieren, wie Hunde , Katzen 
und Nagetiere (Meerschweinchen und Hamster) gemessen werden 
kann, 
Es ist theoretisch möglich, gegen alle Substanzen mit allcrge-
ner Aktivität monoklonale Antikörper zu produzieren. Diese Anti 
korper konnten dann als spezitische Erkennungselemente bei der 
Erkennung dieser Substanzen in einem bestimmten Extrakt genutzt 
werden. Mit dieser Methode können die Allergengehalte von Hund , 
Katze und Meerschweinchen im Hausstaub bestimmt werden. 
Meßfrequenz 
Im Wohnhaus entwickeln sich die verschiedensten Allergene, 
denen der Atopiker unfreiwillig exponiert ist. Der bewußt lebende 
Allergiker sollte daher den Allergengehalt seiner Wohnung regelmä-
ßig überwachen können- Die Häufigkeit der Allergcnkontrolle 
hangt von der Art des biologischen Materials ab, das allergene \ \ ir-
kung hat. 
Die Anwesenheit von Pollen in der Raumluft ist meistens 
abhangig vom Pollenflug in der Außenluit . Die Meßfrequenz ist für 
Pollen in der Außenlutt sehr unterschiedlich, weil die I rci&ctzung 
von Pollen aus den Antheren von der Pflanzenart und dem Mikro-
klima (der Außentemperatur, Luftfeuchtigkeit und Windgeschwin 
digkeit) abhangig ist. Auskünfte über weiträumigen Pollenflug m 
der Außenlutt sind von Pollenwachdiensten zu bekommen. Pur den 
Allergiker können diese Auskünfte eine präventive Bedeutung 
haben-
Schimmelpilze und ihre Sporen sind im Hausstaub stets vor-
handen. Unter optimalen Bedingungen wachsen und sporulieren 
Schimmelpilze schnell [7]. Die Auslosung der Sporulation ist, unter-
schiedlich fur verschiedene Pilzarten, von Temperatur, Lichtintensi-
tat, Sauerstoff und Kohlendiowdgradienten, 1 euchtigkeîtsgehalt 
der Luft, Erschütterung, Berührung und/oder Temperaturwechsel 
abhangig [ 161, An Stellen, wo Pilzwachstum zu erwarten ist (z. B. an 
Or ten mit standiger relativer I euchtigkeil von über 70% und mit 
hohen Temperaturen), sollte die Messung der Anwesenheit von Pil-
zen einmal in drei Wochen stattfinden. 
Tiercpithehen und Tierhaare sind sehr oft in der Wohnung 
vorhanden (siehe den Beitrag von Aalberse in diesem Heft), beson 
ders, wenn ein Haustier gehalten wird oder wenn die Kleidung in 
direkten Kontakt mit einem Tier gekommen ы Kontrollieren auf 
Haust icrprodukte. einmal im Monat, ist emptehlensw ert 
Milben und Insekten können im Hausstaub unter optimalen 
Bedingungen m kurzer 7eit große Populationen aufbauen- Der Le-
benszyklus dauert, abhangig von der Art . zw ¡sehen einigen Wochen 
und mehreren Jahren- Fmmal monatlich einen "lest auszufuhren, ist 
tur Milben und Insekten daher anzuraten. 
Ausführung der Messungen 
Zur Überwachung stehen verschiedene einfache 
Methoden zur Verfugung. Zunächst ist einfache, visu-
elle Inspektion der Wohnung auf (Hau.s-)Tier-(pro-
dukte), Zimmerpflanzen, vergessene Nahrungsmittel, 
Insekten und Schimmelpilze dringend zu empfehlen 
Den gesammelten Staub kann man benutzen, um 
den PoJlengehalt, Harnsäuregehalt, bn/vmgehalt und 
Guamn-Gehalt zu bestimmen. Außerdem kann mit 
immunologischen Bestimmungsmethoden (LI ISA-
Test) der Allergenwert von Tierepithelien und Milben 
bestimmt werden. 
Mit dem Acarex-Test kann man auf einfache und 
schnelle Weise den Guamngehalt und den dazugehöri-
gen H G W messen. Bei einem Testergebnis niedri-
ger als »schwach positiv« (0,6 mg Guanin pro Gramm 
Staub) kann auch der Allergengehalt vcrnachlaßigt 
werden. Bei dieser Zahl findet man weniger als 100 
Milben pro Gramm Staub [S]. Es besteht daher nur 
eine geringe Wahrscheinlichkeit fur die Entwicklung 
einer Hausstaubmilbcnallergie. 
Für die heststellung der anderen Allergentrager/ 
Produzenten sind im Moment leider noch keine einfa-
chen Test-Verfahren im Handel. Man ist hier noch auf 
Labormethoden angewiesen. 
Sanierungsplan und Allcrgennachweis 
Bei einer Sanierung sollte man immer von einer 
arztlich nachgewiesenen Allergie und der aktuellen 
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Allergensituation in der einzelnen Wohnung aus-
gehen. 
Allergologische Überwachung einer Wohnung 
hat als Ziel, frühzeitig einen Allergenansticg über den 
HGW zu erkennen, damit sofort Maßnahmen ergrif-
fen werden können, welche diesen Zuwachs verrin-
gern. (Über Vorkehrungen, welche gegen Milben ge-
troffen werden können, siehe die Beiträge von Elix-
mann u.a., Bischoff und Korsgaard in Heft 7/88. 
Staubsaugen zur Sanierung eines Tcppichbodens ist im 
Beitrag von Wassenaar in Heft 7/88 zu finden.) 
Größere Insektenkonzentrationen im Hausstatib 
können nur durch Vertilgung mit zugelassenen Insek-
tiziden reduziert werden. Neben der Vertilgung soll 
der Verhütungsaspekt nicht vergessen werden. Schim-
melpilzwachstum auf Wänden oder Tapeten kann man 
durch Austrocknen und Beseitigung von Wasserschä-
den bekämpfen [7]. Matratzen können durch Benut-
zen von Fungiziden schimmelpilzarm gemacht wer-
den (siehe den Beitrag von Gridelet de St.-Georges in 
Heft 7'88). Das Entfernen der AUergcnquellen Katze, 
Hund, Meerschweinchen und anderer Haustiere ist 
häufig ein psychologisches Problem. Akute und po-
tentielle Atopiker sollen keine Haustiere halten und in 
der Umgebung dulden. 
Künftige Entwicklungen 
Die sich in Entwicklung befindlichen Allergen-
produzentcnnachweis-Tests für Insekten und Schim-
melpilze müssen erprobt werden, mit dem Ziel, hygie-
nische Standards für diese Kleinlebewesen im Haus-
staub aufzustellen. Außerdem sollten gleichwertige 
Schnell-Verfahren für Pollen und Haustierepithelien/ 
Haare entwickelt werden. 
Neben dem Allergenproduzenten-Nachweis hat 
vermutlich das ELISA-Schnelltestverfahren (siehe den 
Beitrag von Aalberse in diesem Heft) ebenfalls eine 
Zukunft als schnelle und einfache Allergenüberwa-
chung in der Wohnung. Zusammenfassend ist zu sa-
gen, daß in nächster Zukunft einfache Methoden zum 
Nachweis der meisten allergenlieferenden Kleinlebe-
wesen im Hausstaub vorhanden sein werden. Hier-
durch wird es möglich sein, als Patient, als Arzt oder 
als Pfleger mit einfachen Methoden den Allergenge-
halt oder die Anwesenheit von Allergen-Träger und 
-Produzenten in einer Wohnung zu überwachen. So 
können sofort spezifische Maßnahmen ergriffen wer-
den, wo es nötig ist. 
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INTRODUCTION 
House dust mite allergy is of great concern to a number of medical disciplines treating 
asthma, rhinitis, bronchitis, conjunctivitis and atopic dermatitis in children as well as adults. 
These conditions form a severe somatic as well as an emotial and social handicap [1]. About 
5-10 % of the European population is considered to have an active mite allergy. In addition 
another 5-20 % of the population is not-yet sensitized but bom with (hereditary) atopy 
[2,3,4]. A future sensitization [hence forward allergy symptoms] will depend a prolonged 
exposition to the mites and their products. It is not amazing that in case of mite allergens, 
most patients were observed to live in mite-rich, usually damp, dwellings [5]. This sets the 
management of the indoor mite load within the realm of public health, as well as preventive 
and curative medicine. 
Effective management of the allergen producing mites in dwellings (Fig. 1) calls for 
infestation prevention and extermination of 
breeding mites, as well as for allergen removal, 
since most of the allergen is contained in mite 
feces [6]. Ecological investigations of the house 
dust ecosystem made clear that the variate most 
effective in preventing infestation is the 
availability of water, a combination of 
wateractivity of surfaces and house dust, and 
indoor air humidity [5,7]. However, humidity 
conditions in structure and decoration of homes 
cannot be changed at short notice. 
The concept of mite avoidance through home 
sanitation is by no means a recent discovery. In 
the twenties it was a much studied concept, and 
also recently a number of investigators stressed 
FIG. 1: MITES ON MATCH HEAD 
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its importance [2,3.7]· The Acarex/Acarosan concept arose to perfom an effective, safe as 
well as practical home sanitation against house dust mites (Pyroglyphidae) and their 
allergens, with clinical amelioration of the patients taking place within weeks. This report 
summarizies the present knowledge on the subject, as well as its history. 
THE PROBLEM DEFINED 
A prerequisite for effective management of house dust mites in individual dwellings are 
inventarisation tools such as hygienic limits (Table 1), and easy and quick methods for 
assessment, preferably by the inhabitants. 
Since both acarological and immunological house dust tests are laborious and require a 
laboratory, these more conventional study tools are not practical in large scale sanitation 
endeavors. 
By using the mite excretion product guanin, a 'do-it-yourself test' was devised that proved 
practical in European dwellings as the first step of the Acarex/Acarosan concept [6,8,9]. The 
problem being defined, all home textiles with an Acarex value of 1 (weakly positive) or more 
should now be treated to exterminate living mites and remove allergen loaded dust particles. 
Fortunately killing vermin and removing dirt has been performed by man for many 
thousands of years. 
TABLE 1 
HYGIENIC LIMITS FOR MITES AND THEIR PRODUCTS IN HOUSE DUST [6] 
measurement no effect limit advised 
and value 
scale region niches value 
mite number/g dust 
mg antigen Der PI / g dust 
mg guanin / g dust 
Acarex class of dust (0-3) 
FROM BALSAM OF PERU AND TEUTONIC SOAP 
The resin of the Peruvian tree Myroxylon balsamum var. pereirae (family Fabaceae) has been 
used as a scabicide in European medicin since 1853. One component, benzyl benzoate, was 
eventually discovered as an active principle and applied in a 'pure' form since 1912 [10], and 
by the end of World War Π on a massive scale. In recent years it has been replaced by faster 
acting (more toxic) biocides, such as lindane, except for the scabies treatment of expecting 
mothers. Benzyl benzoate proved lethal to house dust mites after direct contact as early as 
1974 [11]. Bed sheets incubated with the chemical retarded mite development in the mattress 
Danmark bed, furniture 100 10 
Netherlands floor 10 1 
worldwide all 0.002 0.001 
Germany all 0.6 0.1 
Netherlands 




[12]. However, under more natural conditions, on pieces of carpet soiled with house dust, its 
effect was less than optimal except when absorbed or adsorbed to finely powdered minerals 
or with polyacrylates (Table 2). In this form it became the base for the acaricidal effect of the 
Acarosan products. 
Only killing mites will not result in a rapid reduction of allergenicity, because of the 
ineffectivity of vacuum cleaning in removing the allergen containing mite feces [6]. Water 
and soap should be called upon. According to the Roman historian Plinius the Elder, soap 
prepared from talc and potash, had been invented by the Teutons. The first synthetic soap 
was invented in 1849 by Mercer. Since after World War II soap rapidly took second place to 
detergents [14], these form the base of allergen-removal in the Acarosan formulations. 
Modem Acarosan has been formulated both as a moist powder for carpet and a dry foam 
for other home textiles. This way all mite inhabited textiles may be treated. To obtain best 
results all non-washable mite niches should be checked with Acarex and subsequently 
treated when needed: textile floor and wall coverings, badly sealed wooden floors, 
non-washable heavy curtains, padded furniture, mattresses, pillows, blankets, quilts, etc. 
TABLE 2 
POPULATION REDUCTION OF HOUSE DUST MITES ON PIECES OF SYNTHETIC 
CARPET EIGHT DAYS AFTER TREATMENT WITH LIQUID CARPETS CLEANERS 
(INITIAL MITE CONCENTRATION 50 - 800 THOUSAND / M2 CARPET) [13] 










































At this point it appears usefull to compare mite sanitation performed by removing home 
textiles with those incorporating Acarosan treatment. A check with the before mentioned 
Acarex test showed more or less comparable results (Fig. 2). But for the patient their exists a 
profound difference between the two ways of sanitation. After Acarosan treatment his home 
still has the same ambiance, while after substitution of furniture and furnishing his dwelling 
will never be the same. A once ot twice yearly treatment was found both practical to the 
inhabitants, and effective in reducing the allergen load to below hygienic limits 
[4,16,17,18,19]. 
BED 
Fig. 2: Home sanitation against mites in patients bedrooms evaluated by Acarex-values (0-3). 
'A', the no-intervention group consisted of normal patient beds (Al, n=58) and 
bedrooms (A2, n=53). In 'B' the substitution and removal group, mattresses and 
covers were substituted for new synthetic ones (Bl, n=20), carpeting was substituted 
by hard floor coverings, and as much as possible other home textiles were removed 
(B2, n=27), In 'C the treated group, beds (CI, n=39), carpeting and furniture (C2, 
n=39) were treated with Acarosan [calculated after 4,15]. 
ALLERGOLOGICAL RESULTS 
Even more interesting than the Acarex results, indicating a removal of mite products, are the 
clinical results of home sanitation. In 7 studies performed in the time period 1974-1982 mite 
sanitation was attempted by changes in furnishings. In three of those studies the number of 
mites could not be lowered. Among the other four, 3 showed clinical improvement [6]. 
Conventional home sanitation apparently leads to clinical improvement in less than 50 % of 
the studies. 
All four studies incorporating the Acarex/Acarosan concept showed clinical improvement 
From the 59 patients included in the different studies, 54 improved: almost 25 % recovered 
more or less completely (Table 3). Four of the 5 patients failing to react favourably had an 
active pet allergy and did not remove the offending pets. 
48 
TABLE 3 
ALLERGOLOGICAL RESULTS OF ACAROSAN TREATMENT OF MITE INFESTED 
HOME TEXTILES IN HOMES OF MITE ALLERGY PATIENTS, A SUMMARY OF 4 
DIFFERENT STUDIES WITH 59 CASES (30 FEMALES AND 29 MALES, 5-69 YEARS 
OLD) [4,16,17,18]. 'RECOVERED' DENOTES ABSENCE OF SUBJECTIVE 
SYMPTOMS OR TERMINATION OF MEDICATION (3 MONTHS AFTER 
TREATMENT), OR NORMALITY OF LUNG FUNCTIONS (9-33 MONTHS AFTER 
TREATMENT). 
number of months after treatment 
patients 






TOXICITY, IRRITATION AND SKIN SENSITIZATION 
Judging from composition and use of the Acarex-test, only the extraction fluid (1.1 g/test) 
used to free the guanin from the dust, may be cause for health concern (Table 4). However, 
the amounts present in any test (0.12 g КОН and 0.8 g methanol) reduce the risk to an 
acceptable level. 
Oral, dermal and inhalation toxicity tests on laboratory animals (mainly rats, Table 5) 
places the Acarosan products in the class 'non toxic' (LD 50 > 0.5 g/kg, skin LD 50 > 1,0 
g/kg body weight). However, further animal experiments on chronic exposure to (high 
concentrations) of the active principle, benzyl benzoate, seem indicated. A maximal daily 
intake of this substance of 5 mg/kg bodyweight is considered safe in case of humans [24]. 
Inhalation exposition to benzyl benzoate in treated rooms will not exceed 0.34 ppm (wall to 
wall carpet, padded furniture to a maximum of twice the carpet surface, room height 2,5 m, 
TABLE 4 
COMPOSITION OF ACAREX EXTRACTION FLUID AND ORAL TOXICITY OF ITS 
CONSTITUENTS [20] 




total 59 10 
recovered 14 (=24 %) 9 
improved 40 (=68 %) 0 
no effect 5(= 8%) 1 
worsened 0 (= 0 %) 0 
potassium hydroxide 0.11 
methanol 72.39 
distilled water 27.50 
ventilation rate of 1.0 / 24 hours) [25]. A human maximization test with a 25 % solution of 
benzyl benzoate showed no skin sensitization [26]. A contact dermititis is seldomly seen 
[27]. 
With the Acarosan formulations, neither eye- and skin irritation nor delayed contact 
hypersensitivity of the skin could be proven in animal experiments [23]. In addition, 
mutagenicity tests were negative [28-31]. The no observable effect level in a 90-day repeated 
dose dermal toxicity study in rats amounted to 1,0 g/kg rat in case of the dry foam and 0,1 
g/kg rat when the moist powder was used [32, 33]. In the last case, at the concentration of 1,0 
g/kg rat the only effect observed was a passing skin irritation. 
Taking in account the actual exposure in dwellings, no toxic effects on human, dogs or cats 
may be expected. Judging from the composition of the products concerned, only a theoretical 
risk for dermatitis exists for persons allready sensitized to isothiazolin-derivates (constituting 
0.00053 % of powder) or acrylate-monomeres (constituting less than 0.0019 % of foam) 
[34,35]. However, neither intoxication nor sensitisation have been reported from any of the 
20,000 patients that apparently used Acarosan in 1987-1988 in Western-Germany (number 
calculated from the product quantities sold). 
TABLE 5 
TOXICITY DATA OF ACAROSAN AND ITS ACTIVE PRINCIPLE BENZYL 
BENZOATE [21,22,23] 
substance tested 
type of test 
benzyl benzoate Acarosan Acarosan 
moist powder dry foam 
LD50 
rat, g/kg 1.7-2.8 >5.0 >5.0 
rabbit, g/kg 1.68 
cat, g^cg 2.24 
dog, g/kg > 22.44 
skin LD 50 
rat, g/kg >2.0 >2.0 
rabbit, ml/kg 4 
inhalation toxicity 
rat 193 g/4 h 343 g/7 h 
no mortality no mortality 
CONCLUSION 
By improving the indoor air quality as fas as the concentration of mite allergens is 
concerned, the Acarex / Acarosan concept has brought a safe, effective and practical 
allergological home sanitation within reach of most atopic patients (suffering from asthma, 
rhinitis, conjunctivitis or atopic dermatitis) in Western Europe and North America. Such a 
home sanitation has not only be proven usefull in case of patients allready sensitized to mite 
allergens (at least 16 million people in the European Communities), but might also be given a 
place in the prevention of mite sensitization (affecting up to 80 million Europeans). 
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Lutte chimique contre les acariens 
de la poussière de maison 
Note préliminaire 
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RÉSUMÉ SUMMARY -
La lutte chimique est une des mesures d'éviction dans 
l'allergie à la poussière de maison. Les acariens respon-
sables peuvent se trouver dans les matelas, le mobilier 
garni, les tentures, les tapis, les carpettes et sur les murs. 
Huit formulations chimiques différentes sont actuellement 
diffusées : Acardust aérosol, Acarosan (mousse et poudre 
humide), Artilin ЗА (peinture), Azote liquide, Paragerm AK 
(spray), Pirimiphos methyl (spray) et Tyrnasil (spray). Afin 
d'aider les praticiens à faire un choix parmi ces produits, 
les auteurs dressent les tableaux de sécurité (risques d'in-
cendie, DL50 et CL50, irritation, sensibilisation, mutagéni-
cité), d'efficacité en laboratoire (rapidité de mort, réduction 
de population) et de facilité d'emploi (durée de traitement, 
nécessité d'équipement ou de mesures spéciales de protec-
tion) d'après les renseignements provenant des fabricants et 
des rapports scientifiques publics. Toutes les niches domes-
tiques susceptibles d'être infestées sont traitables avec les 
produits disponibles actuellement en Europe, mais la sécu-
rité n'est connue que pour trois d'entre elles (Acarosan 
mousse et poudre humide, Tymasil). L'efficacité dans l'en-
vironnement domestique, la sécurité des produits formulés 
et les résultats cliniques seront publiés ultérieurement. 
Chemical control of house dust miles. A preliminary 
note. — Chemical control is one of the possibilities for 
home sanitation for house-dust allergic patients. The causa-
tive mites may be found in mattress, padded furniture, cur-
tains, carpets or on walls. Eight different control formula-
tions are available in Europe : Acardust (aerosol), Acarosan 
(foam and wet powder), Artilin ЗА (paint), liquid nitrogen, 
Paragerm AK (spray). Pirimiphos methyl (spray) and Ty­
masil (spray), Based on data supplied by the manufacturers 
and on published scientific reports, the authors review the 
safety (fire hazard, LD50 and LC50, irritation, sensibilisa­
tion, mutagenicity) efficacy in laboratory tests (speed in 
killing, reduction of population) and ease of use (length of 
treatment, necessity to use special equipment or protection 
measures) to aid the physician to make a choice from the 
available products. All niches possibly infested in the home 
may be treated effectively with one or more of the formu­
lations currently on the market in Europe. However, the 
safety for man is only more or less known for only three 
products (Acarosan foam and wet powder, Tymasil). Effi­
cacy under domestic conditions, safety of the formulated 
products and clinical results will be published separately. 
Le contrôle chimique des acariens est un com-
plément indispensable à toute mesure d'éviction 
dans l'allergie à la poussière de maison. Les mé-
thodes de lutte physiques et mécaniques sont 
souvent insuffisantes. L'application et le main-
tien d'un unique contrôle de type climatique est 
* Laboratoire d'Ecïoparasitoiogie et Milieu de l'habitation. Groupe 
de Travail Interuniversitaire « Maison et Santé », Université de l'Etat, 
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boulevard Pierre-Dramard. 13015 MARSEILLE. 
Tirés à part : Dr D de Saint Georges-Gndelet, adresse ci-dessus. 
Conférence présentée aux Journées Nationales de la Société Fran-
çaise d'Allergologie, Strasbourg, 27-28 mal 19М. 
malaisé et par conséquent non garanti. D'autres 
mesures préventives, telles que envelopper le ma-
telas et aspirer la poussière, permettent dans une 
certaine mesure de réduire le nombre des aca-
riens et de limiter leurs sources nutritives. La 
simple aspiration de la poussière de maison se 
révèle insuffisante même si elle est fréquemment 
répétée et de durée relativement longue (Brons-
wijk et coll. [18] ; Bischoff et Bronswijk [7]). 
SAINT GEORGES-GRIDELET D- dB. KNIEST F.M , SHOBEH 
G . PENAUD A , BRONSWIJK J E M H van — Lutte chimi-
que contre les acariens de le poussière de maison. Note 
préliminaire. R»ï. fr. Allargol., 1988, 2Í (2), 131-138 
55 
• D. de SAINT GEORGES-GRIDELET ET COLLABORATEURS/ 
La literie ainsi que tout matériel rembourré 
très utilisé, tels les fauteuils et canapés, consti-
tuent des niches idéales pour le Dermatopha-
goïdes. En relation avec le mode de vie des pa-
tients, on peut aussi recenser de fortes popula-
tions dans les tapis et les carpettes des cham-
bres à coucher (Arlian et coll. [4, 5] ; Turos [57] ; 
Abbott et coll. [1] ; Bischoff et coll. [13, 14]. Les 
jouets en peluche et les vêtements constituent 
également des foyers non négligeables (Carswell 
et coll. [20]. Les fibres des substrats retiennent 
les particules nutritives. Les Dermatophagoïdes y 
trouvent ainsi un biotope favorable sinon un re-
fuge : les concentrations en matériel fécal et pon-
tes y témoignent de leur activité nutritive et re-
productrice (Saint Georges-Gridelet [54, 55]). 
Des problèmes se posent quant à l'utilisation 
de pesticides dans l'environnement humain. En 
plus d'une efficacité optimale, les luttes ch'mi-
ques domestiques doivent répondre aux impéra-
tifs de sécurité tant sur le plan de la toxicité que 
sur celui de la sensibilisation. Blanc et Valentín 
[15] ont discuté l'importance du type d'aérosol 
sur le plan de la facilité d'emploi. Pour aider les 
praticiens, nous tenterons d'établir l'inventaire 
des données de sécurité, d'efficacité et de facilité 
d'emploi de 8 produits disponibles en Europe 
occidentale. 
PRODUITS CHIMIQUES 
La résistance des Dermatophagoïdes à la p'u-
part des pesticides classiques est connue (Whar-
ton [59]). Les acaricides efficaces contre Derma-
tophagoïdes sont en nombre limité et certains 
tels que le lindane, le malathion, le kelthane et la 
suspension colloïdale de soufre ainsi que le dia-
zinon, testé contre D. farinae aux USA, présen-
tent une toxicité réelle (Bronswijк [17]). 
La tendance à la réinfestation permanente im-
pose un traitement continu de l'habitation. Il faut 
prévoir les phénomènes d'accumulation de ma-
tière active liés à l'application continue voire 
l'abus possible de ces pratiques sanitaires d'ordre 
chimique. Les phénomènes d'accumulation peu-
vent aussi être liés à une distribution irrégulière 
des produits sur les surfaces traitées. Les pro-
duits peu rémanents permettent d'éviter ces ris-
ques de « surdosage » et de sens;bilisation consé-
cutifs à la chronicité des traitements. Il faut 
aussi craindre les effets irritants (chimiques ou/ 
et physiques) des substances dispersées à l'état 
de vapeur ou de micro-brouillard et tenir compte 
d'une éventuelle toxicité des gaz pulseurs et des 
solvants. Les produits actuellement sur le mar-
ché européen devraient répondre à ces impéra-
tifs. 
Dans notre étude sont repris les produits déjà 
TABLEAU I. — Definition générale des produit« acaricide« < 
(par ordre alphabétique). 
Acardust Appiipharm, Marseille (France) ; 500 ml ; odeur aéro-
sol caractéristique ; pour matelas, oreillers et traite-
ment en surface, des lits, mobilier garai, tentures, 
tapis et sol ; 5 g/m2 ; propriété acaricide ; matière 
active photo-instable (55,6 % de réduction après 3 h) ; 
pulvérisation double (manuelle dirigée et automatique 
dans l'air) ; traitement 4-6 fois par an. 
Acarosan ' Werner and Mertz GmbH, Mainz (Allemagne) ; spra> 
mousse, 275,8 g ; odeur citron faible ; pour moquettes, 
tapis tentures, mobilier garni et matelas : 50-100 ç/m2; 
propriété acaricide et détergente ; stabilité minimale 
2 ans ; traitement 2 fois par an. 
Acarosan ' Werner and Mertz GmbH, Mainz (Allemagne) ; 3 sa-
chets de poudre humide, 750 g ; pour moquette, ta-
pis : 50-100 g/m» ; propriété acaricide et détergente : 
stabilité minimale 2 ans ; traitement 1 à 2 fois par 
an. 
Artihn ЗА Artiïin - Coiayrac-St-Cirq (F) ; pot de 5 kg, 4 pein-
tures aspects : mat et brillant au white spirit - satin 
et mat à l'eau : odeur de formol, pour surfaces mu-
rales ; 6-12 ma/kg ; propriété acaricide et fongicide ; 
stabilité minimale 3-4 ans ; fréquence de renouvelle-
ment non mentionnée. 
Azote liquide ' British Oxygen Company Ltd (Grande Bretagne) et 
Union Carbide Ltd (Europe et Etats-Unis) ; container 
Dewar ; inodore ; pour matelas et carpettes ; 5 l/lit 
simple ou 7 l/lit double, 5-10 l/carpetîe ; effet cryo-
gène * (—198,5 0C) ; stabilité variable (dépendant du 
container) ; traitement 1 fois/an ou selon léapparition 
des symptômes. 
Paragerm AK Paragerm France S.A., vente : Promedica, Levallois-
Perret (France) ; spray 325 ml ; odeur caractéristique ; 
pour matelas et literie ; 1 ml/m3 : propriétés acarici-
de, bactéricide et fongistatique ; stabilité minimale 
3 ans ; traitement 2 faces du matelas, sommier, oreil-
lers, literie, 2 ou 3 fois par an. 
Pirimiphos ICI Ltd, Plant Protection Division, Kent (Grande Bre-
méthyî * tagne) ; solution, pour utiliser en spray ; odeur ca-
ractéristique (solvant) ; pour tapis et mobilier garni ; 
2 g/m ï ; propriété acaricide ; stabilité non mention-
née ; traitement 8-12 fois/an. 
Tymasil Gist-Brocades N.V. (Pays-Bas), vente : Gist-Brocades 
В. . (Belgique) ; spray 192 g ; inodore : pour matelas 
et oreillers ; 0,5 g/ma ; propriété fongicide (acaricide 
indirect) : stabilité minimale 2 ans ; 6 pulvérisations 
séquentielles de 2 en 2 semaines ensuite une appli-
cation par mois. 
1
 Données du fabricant et expertises scientifiques. 
' D'après Bischoff et coll. [13]. 
• D'après СоІІоЯ [22]. 
* La température dans le matelas est seulement d'environ — 80 
100 ' С (d'après Colloff. communication personnelle). 
5
 D'après Mitchell et coll. [41]. 
ou prochainement mis en vente en Europe pour 
tuer les acariens des poussières de maison. Huit 
compositions différentes sont concernées (ta-
bleau I). La plupart des acaricides se présentent 
sous forme de spray (Acarosan mousse, Acardust, 
Paragerm A.K., Tymasil, Pirimiphos méthyl), cer-
tains sous forme de poudre humide (Acarosan 
poudre humide) ou sous forme de peinture (Ar-
tiïin ЗА) selon le lieu d'utilisation : literie, mo­
bilier garni, tapis ou surfaces murales. Grâce à 
un système de diffusion spécial, le spray Acar-
dust permet en outre une diffusion automatique 
dans l'atmosphère dans le but d'atteindre les aca-
riens présents sur le mobilier garni, les tentures, 
les tapis et le sol, mais sans pénétration dans 
ces niches. 
Les compositions ont une stabilité minimale de 
2 ans. Le traitement est au minimum répété une 
ou deux fois par année, à l'exception des pein-
Rev. fr. Allergol, 1988, 28. 2. 
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tures acaricides pour lesquelles la fréquence 
d'application n'est pas connue. 
A l'aide des données publiées, des expertises 
scientifiques et des informations des fabricants 
nous tentons de dresser une description unifor-
me des produits (voir tableau I), un aperçu de 
leur sécurité (tableau II) et efficacité (tableau 
III) . L'efficacité est essentiellement basée sur les 
tests de laboratoire. Un tableau synoptique re-
prend les produits en fonction des différentes 
niches à traiter (tableau IV). L'efficacité dans 
l'environnement domestique, la sécurité des pro-
duits formulés et les résutlats cliniques seront 
publiés ultérieurement. 
SECURITE 
L'analyse de sécurité des produits repose sur 
quatre points : risques d'incendie, DL50 et CL50, 
irritation, sensibilisation et mutagénicité (ta-
bleau II). 
Le risque d'incendie est évalué selon l'inflam-
mabilité et le danger d'explosion du produit. 
Les indices de toxicité aiguë orale (DL50 ou 
dose léthale à 50 p. cent. Rat), cutanée (DL50, 
lapin ou rat) et inhalatoire (CL50 ou concentra-
tion léthale à 50 p. cent. Rat, durée minimale de 
4 h) sont rapportés pour autant qu'ils soient 
connus. La classification toxicologique d'une sub-
stance (Léonard [37], Dortland [24]) est basée 
sur les valeurs orales suivantes (pour une pou-
dre < 5 mg/kg : très toxique ; 5-50 mg/kg : to-
xique ; 50-500 mg/kg : nocive ; > 500 mg : non 
nocive ; et, pour une forme liquide : < 25 mg/kg : 
très toxique ; 25-200 mg/kg : toxique ; 200-2 000 
mg/kg : nocive ; > 2 000 mg/kg : non nocive), 
sur les valeurs dermiques suivantes (pour une 
poudre : < 10 mg/kg : très toxique ; 10 100 mg/ 
kg : toxique ; 100-1 000 mg/kg : nocive : > 100 
mg/kg : non nocive ; et pour une forme liquide : 
< 50 mg/kg : très toxique ; 50-400 mg/kg : toxi-
que ; 4004 000 mg/kg : nocive ; > 4 000 mg/kg : 
non nocive). 
Les valeurs pour les matières actives sont tout 
au plus situées dans la catégorie « nocive » (ta-
bleau II). Le benzoate de benzyle (solidifié ou 
non) et la natamycine sont non toxiques. Les 
aspects toxicologiques (toxicité aiguë, subaiguë 
et chronique) des deux substances sont bien con-
nus. La natamycine est déjà utilisée sous forme 
d'aérosol dans les cas d'aspergilloses pulmonai-
res (Edward et La Touche [25], Raab [52], 
Stiksa et coll. [56]). Le benzoate de benzyle et 
l'esbiol en combinaison avec le butoxyde de pipé-
ronyle sont contenus dans des médicaments sca-
bicides ou pédiculicides et le Tymasil dans des 
médicaments fungicides autorisés dans certains 
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pays d'Europe. Les DL50 et CL50 des composi-
tions Acarosan, Artilin ЗА et Paragerm AK sont 
connues. On peut dès lors considérer que la plu-
part des produits domestiques, aux doses utili-
sées, ne sont pas toxiques. 
Les indices d'irritation oculaire, cutanée et 
respiratoire concernent les produits formulés. 
Des données précises sont connues pour quatre 
d'entre eux. Dans le cas d'Acardust, dans des 
conditions de maximalisation, des symptômes 
d'irritation de la gorge (8 cas sur 10) peuvent se 
présenter chez des patients asthmatiques (Jean-
Pastor et coll. [31]). Le produit Artilin ЗА est 
non-irritant ou légèrement irri tant selon la qua-
lité de la peinture (données du fabricant). Tyma-
sil ne produit aucune irritation chez 24 person-
nes à hyperréactivité bronchique nette (Maele 
[38], Leclercq et coll. [36]). Par effet de congéla-
tion, l'azote liquide peut produire des irritations 
oculaires et dermiques (Chemiekaarten [21]). 
Les indices de sensibilisation concernent tant 
la matière première active que le produit fini en 
raison des phénomènes d'accumulation prévi-
sibles mentionnés. Dès lors sont considérés les 
effets de sensibilisation des matières actives pour 
des concentrations comparables, tant sur la base 
des résultats obtenus chez des animaux de labo-
ratoire que sur celle des dermatites de contact 
observées chez l 'homme. Concernant le produit 
Acardust, quelques cas de sensibilisation aux ру­
ге thrinoides de synthèse sont connus (Nater 
[46]). Concernant le benzoate de benzyle, ma-
tière active d'Acarosan et d'Artilin ЗА, on connaît 
peu de cas de sensibilisation (2 cas sur 12 000 
patients traités en 13 années aux Cliniques Uni-
versitaires de Hambourg (Hausen [20] ) ; aucun 
cas sur 1 000 patients traités avec une concentra-
tion de 20 p. cent de benzoate de benzyle (Gra-
ham [28] ) ; auci"-. ..as sur 8 000 patients traités 
en 3 à 4 années (Kissmeyer [33]). La natamycine, 
matière active du Tymasil, n'a aucune propriété 
sensibilisante n'ayant prat iquement aucune affi-
nité pour les protéines ; aucune réaction allergi-
que n'a été constatée depuis 1960 (Raab [50]). 
Le pirimiphos méthyl est quelque peu sensibili-
sant (WHO classification of pesticides cf. Mitchell 
et coll. [42]). 
Concernant la mutagénicité des produits for-
mulés, seuls sont vérifiés in vitro le caractère 
non-mutagène d'une solution Paragerm forte am-
biance (Gloxhuber [26]), ainsi que celui d'Acaro-
san poudre humide et mousse (Miltenburger et 
coll. [41]). Concernant les matières actives d'au-
tres produits mentionnées dans ce tableau II , ne 
sont ni mutagenes, ni carcinogènes, ni terato» 
gènes, le pirimiphos méthyl (WHO classification 
of pesticides cf. Mitchell et coll. [42]), la nata-
mycine (suspension aqueuse 5 %) (Cox et coll. 
[23] ; Bayley et Morgareidge [6] ; Khoudokor-
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TABLEAU II. — Sécurité des produits acaricide». 
. 
Matière active 




DL 50 orale 
(mg kg rat) : 
— matière active 
— produit 
formulé 
DL 50 cutanée 
(mg/kg lapin) : 
— matière active 
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Voir remarques page ci-contre 
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Remarques du tableau II 
— Non mentionné ou pas encore communiqué par le fabricant : Références 
— : absent ; 
± : possible ; 
-f : présent, 
- références au texte pour les données : 
{*) : sont fixés d'une manière permanente dans des polymères 
acrylates (Acarosan mousse) et des silicates (Acarosan poudre 
humide) (benzylben/oate solidifié dans les deux cas) 
par effet de congélation, (-) 
( ') : i ¡"azote liquide peut causer des problèmes respiratoires en augmentant la concentration d'azote dans l'air inhalé 
(> 3 p. cent) [Chemiekaarten, [21]. 
(a) British Crop Protection Council [16], Merck Index [40], Jean-
Pastor et coll. [31], données du fabricant 
(b) (c) données du fabricant, Ullman [58] 
(d) données du fabricant. Index Merck [40], Mohamed [43], Ano-
nyme [2] 
(e) Merck Index [40], Chemiekaarten [21] 
(f) données du fabïicant, Penaud et coll. [48, 50], Merck Index [40], 
Chemiekaarten [21] 
(g) Helkr-Haupt et coli, [30], British Crop Protection Council Ц6}, 
Mitchell et colt. [42] 
(h) données du fabricant, Raab [59], Cox et coll. [23], Bailey et 
coll. [63, Khoudokormoff [32], Knickerbocker [34]. Leclercq-
Foucart et coll. [36]. 
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D.pt ; D. pteronyssinus 
D.f : D. farinac 
? : non mentionné. 
Références 
(a) Jean-Pasîor et coll. [31], données du fabricant, Mukahy [453. 
(b) Bischoff et coll. [11, 12, 13]. 
(c) données du fabricant (Anonyme [3], Mauchamps [39], Montis [42]. 
(d) Collolf [22]. 
(e) Penaud et coll. [49, 50, 51]. 
(f) Mitchell et coll. [42], Heiler Haupt et coll. [30]. 
(g) de Saint Georges-Gridelet 153, 55], Lebrun et coll. [35], Bronswijk et coll. [19] 
mofï [32] ; Knickerbocker [34] ; le benzoate de 
benzyle (Miltenburger et coll. [41], Goodman et 
Gilman [27]). Concernant les pyréthrinoïdes de 
synthèse tel l'esbiol, il n'y aurait ni effet muta-
gène, ni effet cancérigène potentiel (données du 
fabricant). 
EFFICACITE 
Les produits actuels agissent soit par action 
chimique directe sur l'acarien (Acarosan, Acar-
dust, Artilin ЗА, Paragerm A.K., Pirimiphos me­
thyl), et/ou de manière indirecte par le biais 
d'une activité plus ou moins forte sur les moi-
sissures indispensables au développement du Der-
matophagoides (Tymasil, Paragerm A.K., Artilin 
ЗА). Un des produits agit essentiellement par effet 
physique cryogène et anesthésiant (azote liquide). 
D'autres compositions (Acarosan) comportent 
aussi des agents détergents destinés à agir sur 
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les propriétés hydrophobes de la cuticule de l'aca-
rien, des agents conservateurs et mouillants tels 
que le chlorure de benzalkonium (Tymasil). Dans 
cette étude l'efficacité est seulement évaluée se-
lon les tests de laboratoire, et concerne la rapi-
dité de mort et les pourcentages de réduction de 
population des acariens domestiques Dermato-
phagoides pteronyssinus et D. farinae sur sub-
strat naturel (tableau III). Les tests d'activité ne 
sont signifteatifs que s'ils sont effectués dans des 
conditions semi-naturelles pour les acariens do-
mestiques, bien que la diversité des méthodes 
utilisées par les investigateurs rende difficile une 
comparaison exacte des résultats d'efficacité. On 
tient compte de l'activité sur les stases actives 
essentiellement. La rapidité de mort des stases 
actives varie de l'effet immédiat (azote liquide) 
à 192 heures. Le Tymasil n'a pas d'effet direct 
sur les stases actives, limitant de manière indi-
recte la prolifération des acariens (Lebrun et 
coll. [35], Saint Georges-Gridelet [53]. Les pour-
centages de réduction des populations en condi-
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lions semi-naturelles varient de 65 à 100 p. cent. 
Concernant Acardust, les résultats sont obtenus 
après pulvérisation directe sur des morceaux de 
tapis. Pour le Paragerm, seuls des individus jeu-
nes sont encore observés après un traitement ; 
la réduction totale s'observe en 15 jours après 
deux traitements. L'efficacité du Tymasil est 
également fonction de la répétition du traite-
ment. Les résultats actuellement disponibles 
pour le Pirimiphos rnéthyl concernent des appli-
cations à des concentrations élevées (solution 
4,4 g/m2 ou fumigation en vapeur saturée). L'effi-
cacité acaricide de Artilin ЗА fut mesurée à l'aide 
d'une plaquette expérimentale recouverte de la 
composition comparée à une plaquette témoin 
sans matière active (rapport du fabricant. Ano-
nyme [3]). 
L'évaluation d'efficacité pour chaque produit 
est rapportée dans le tableau IV. 
NICHES A TRAITER 
En rapport avec la diversité des niches dans 
l'habitat humain et selon la sécurité, l'efficacité 
particulière et la commodité d'utilisation des dif-
férents produits proposés, il est possible d'établir 
un classement selon l'endroit à traiter (tableau 
IV). 
Le traitement sera seulement nécessaire lors-
que la poussière de l'endroit est « acarien-posi-
tive ». Le test est réalisable directement dans la 
maison au moyen du produit Acarex-test (Wer-
ner et Mertz, Sparte Umweltmedizin, Ingelhei-
merstrasse 1-3, 6500 Mainz 1, FRG) ou au labo-
ratoire au moyen des analyses acarologiques ou 
immunologiques. L'Acarex-test est basé sur la 
quantification de la guanine (une substance du 
métabolisme des acariens) par une réaction co-
lorimétrique. Des études ont clairement établi 
une corrélation entre la teneur en guanine, le 
nombre d'acariens et le potentiel allergénique du 
substrat (Bischoff et Schirmacher [8, 9], Bischoff 
et coll. [10], Pauli et coll. [47]). Cette technique 
simple permet au patient d'évaluer lui-même 
systématiquement le degré d'infestation (degré 
d'allergénicité) dans son environnement. 
Pour le matelas, biotopo important de l'acaricn 
mais endroit difficile à traiter en raison de son 
épaisseur, on a le choix entre cinq produits ; 
TABLEAU IV — Classement (général) préliminaire des produits 
comparés en fonction des niches à traiter 
(une absence d'information [tableau II et I I I ] 
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(*) Selon tableau i l , a : innocuité à démontrer (information supplé-
mentaire demandée), -r ; moyenne, +•( ; bonne, - 4 + : très 
bonne. 
(**) Selon tableau Ш , + moyenne, 4 4- bonne, 4 4 4 très bonne. 
(***) Selon durée d'un seul traiteraem, fréquence de traitemenî, 
nécessité d"equipemeni ou mesures spéciales de protection. 4 
peu facile, 4 + facile. 
(?) Probablement (tests non suiTisants). 
pour le mobilier garni, entre trois produits ; pour 
les tentures, entre deux produits ; pour les tapis 
et les carpettes, entre trois produits ; pour les 
murs, on dispose d'un seul produit pour le trai-
tement direct et d'un autre pour le traitement 
des surfaces par voie aérienne. Les surfaces mu-
rales lisses sont en général peu fréquentées par 
les Dermatophagoides. 
Comme le Tymasil ou le Paragerm, l'Artilin ЗА 
peut aussi améliorer le contrôle des moisissures 
domestiques allergisantes par une activité fon-
gicide ou/et fongistatique. 
Les résultats repris dans cet article provien-
nent essentiellement de tests de laboratoire, 
Pour le traitement des patients allergiques, il est 
aussi nécessaire d'obtenir plus de renseigne-
ments concernant la sécurité des produits formu-
lés, les résultats cliniques et les tests in vivo 
(amélioration fonctionnelle respiratoire et dimi-
nution du contenu en antigène PI). Ceux-ci se-
ront traités dans des articles suivants. 
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CLINICAL EVALUATION OF A DOUBLE BLIND DUST ΜΠΈ AVOIDANCE TRIAL 
WITH MITE-ALLERGIC RHINITIC PATIENTS 
F.M. Kniest, E. Young, M.C.G. van Praag, H. Vos, Hélianthe S.M. Kort, 
W.J. Koers, Frederike de Maat-Bleeker and Johanna E.M.H. van Bronswijk 
Interuniversity Task Group "Home and Health", Utrecht State University, 
Utrecht, the Netherlands 
Summary: 
Inheritance and allergen exposure are key factors in the development and the course of atopic 
allergy, expressed as conjunctivitis, rhinitis, asthma or dermatitis. This study concerns the 
clinical significance of mite and mite-allergen avoidance measures based on intensive 
cleaning with acaricide (solidified benzylbenzoate) added (10 dwellings), and without 
biocidal activity (10 other homes) as a control in a double blind set-up with matched pairs. 
Twenty patients with persisting rhinitic complaints were selected. They lived in 20 different 
dwellings and were all sensitized to pyroglyphid mites; 12 of them were also sensitized to 
stored product Acari. 
Daily symptoms and medication score, guanine- and dust-exposure, total and mite-specific 
IgE in serum, eosinophilia in the blood and in the nasal smear, intracutaneous tests with 
house-dust mite and storage mite extracts were compared in both pairs and groups. 
Acarological data, physio-chemical aspects and exposure assessment are discussed in detail 
elsewhere. 
Symptom scores dropped significantly, as did the total IgE and exposure to dust and mite 
products in the acaricidal cleaner treatment group. After one year, the daily symptoms 
median was 47% (p=0.025), total IgE was 38% (p=0.0049), and exposure to dust and mite 
products (guanine exposure) was 53% (p=0.049) better or lower than in the controls. 
Intensive cleaning without acaricidal treatment performed twice a year, resulted in clinical 
improvement in 4 out of 10 patients, of whom none became free of complaints. In the 
Acarosan treatment group (cleaning + benzyl benzoate) 8 out of 10 patients improved, in 3 
cases subjective symptoms disappeared. 
The conclusion is that mite avoidance in homes can be carried out successfully with the 
special acaricidal cleaning formulation (Acarosan). 
Introduction: 
In atopic allergy an inherited constitution is combined with a sensitization towards inhalant 
allergens in a long-term extensive allergen exposure. In dwellings, a variety of possible 
allergens may be formed by mites, pets, fungi, insects etc. [1]. At least 5% of the population 
(18 million West-Europeans and 11 million North-Americans) suffer from such an illness 
induced by house dust mites [2,3]. Although chronic rhinitis is sometimes thought to be a 
trivial illness, the morbidity and economic burdens associated with it are immense [4]. 
Rhinitis is the most common of allergic diseases, even more common than asthma, the 
infliction mostly investigated in avoidance studies. 
Avoidance of allergens by removing home textiles and padded furniture proved an effective 
solution in some open and a few controlled dust mite avoidance studies with atopic patients 
showing signs of conjunctivitis, rhinitis or asthma. This concept (allergological sanitation or 
dust avoidance) has been used for decades. Its set-back is the unwanted change in living 
comfort [5,6]. Recently, Platts-Mills [7] demonstrated a dramatic drop in clinical symptoms 
after moving asthmatic patients from their dwellings (13600 ng Per PI antigen/ g dust) to 
"dust free" hospital rooms (240 ngDerPl antigen/ g dust). However, as in the case of 
conventional dust avoidance, living in "allergen/dust free" hospital rooms is neither a 
comfortable nor a permanent solution. 
In the last few years, new "house-hold" appliances and products, e.g. MCR nebulizer, wet 
vacuum cleaning systems, electrically heated blankets, and intensive cleaning combined with 
acaricidal treatment became available for mite-avoidance. Promising clinical trials were 
reported recently with the MCR nebulizer [8] and with solidified benzyl benzoate 
incorporated in household cleaning foam and powder [9,10,11,12,13]. These latter trials were 
uncontrolled and mostly short-termed. 
This study was undertaken to test the clinical efficacy of the acaricidal cleaning products 
over a period of 12 months in a double blind controlled set-up with perennial mite-allergic 
rhinitic patients. In the control group, normal but intensive household cleaning was 
performed. Exposure assessment, biological and physio-chemical effects of treatment and the 
results of earlier conventional avoidance measures will be reported elsewhere [14]. 
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Subjects, methods and material: 
To reduce variability, all dwellings were treated in the same week, and matched pairs were 
selected. 
Selection. Matching and Characterization: 
Initially 60 patients were selected from outpatient files. They all showed a long-standing 
history of mite allergy with house-dust mite induced perennial rhinitis more evident than 
other allergic symptoms (asthma or dermatitis). All were between 12 and 36 years old. 
Moderate to severe pollen allergies were excluded. Hyposensitization treatment in the past 
was allowed. All patients had received routine instructions as to the conventional 
allergological sanitation of their homes prior to this trial. 
Out of the initial 60 patients 20 were chosen to form ten pairs matched by age, house-dust 
mite specific IgE and skin testing results, guanine exposure value, severity of complaints, 
hyperreactivity and type of dwelling, number of inhabitants per dwelling (Table 1). All 
patients lived in dwellings with at least one object (floor covering, furniture, mattress, 
childrens' soft toy) with an increased guanine level [15]. In total 65% of the objects were 
found to be above the hygienic limit (36% of bedroom objects, 12% in the living room, and 
17% in other spaces). 
All patients completed the experiment. Two patients (control group) moved during the course 
of the trial. One of these (control 7) rented an identical dwelling next door and took all textile 
objects to the new lodging. The other patient (control 1) left only her wall to wall carpeting 
in the old dwelling, moving all other home-textiles. 
Serum IgE (both total and specific against Dermatophagoides pteronyssinus) was measured 
with the Phadebas RAST method (Pharmacia, Uppsala, Sweden). Results of total IgE are 
expressed in units/ml, whereas specific IgE is expressed as a percentage of inhibition [16]. 
Intracutaneous tests with pollen, animal dander, mould cocktail {Aspergillus, Pénicillium, 
Cladosporiwn, Mucor, Alternaría, Candida albicans) and Dermatophagoides pteronyssinus 
(HAL, Haarlem, the Netherlands), storage mite cocktail (Diephuis, the Netherlands; 
Lepidoglyphus destructor, Tyrophagus putrescentiae and Acaras siró) were executed, 
together with phosphate buffered saline solution (HAL, Haarlem, the Netherlands) and 
phosphate-histamine as controls. Eosinophil countings in blood-samples and in nose 
secretion were performed [17,18]. One patient (Acarosan 4) had received hyposensitization 
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Table 1. Characterization of 20 rhinitis patients by distribution (ratio) and the median values 
in the treatment and control group at the start of the experiment. In no case a significant 
difference was found between the two groups (Mann-Whitney U test at p=0.05). 
Patients 
characteristics 
Group 1 (n=10) Acarosan: 
Median Ratio of 
(range) patients 
Group 2 (n=10) Control: 





HDM (in signs): 
Skin test 
STM (in signs): 
Skin test 
fungi (in signs): 
Skin test hista­
mine (in signs): 
Eosinophilia 
nose (in signs): 
Eosinophilia 
blood (number): 
RAST Ig E total 
(in units): 
RAST Ig E spec. 
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Eosinophilia nose > 0 AND blood > 200 1 patient 3 patients 
smoking observed in the home • 4 patients 5 patients 
HDM « Dermatophagoides pteronvssinus 
STM = Cocktail of Lepidoqlyphus destructor. Acarus siro. Tyrnphagus putresnentiae 
Fungi = Cocktail of Aspergillus. РРПІГ.ІІІІИГГІ, СІягіпкрпгіит, Miicnr, АИйтагія, Сяргіігія alttoOS 
Skin test: 1 = wheal of 5 mm with erythetn (according to Voorhorst et al, 1969 [43]) 
HDM: 0,05 ml with 10 units/ml (HAL) 
STM: 0,05 ml with 100 units/ml (Diephuis) 
Fungi: 0,05 ml with 0,1% concentration (HAL) 
Histamine: 0,05 ml with 0,01% concentration (HAL) 
RAST: c1 = class 1 (2 - 5 % activity bound; Bruynzeel et al 1980 [161) 
Eosinophilia nose: 0= less than 1 eosinophil per 1 mm3 in a smear of nose secretion 
Eosinophilia blood: total number of eosinophils counted per 1mm3 blood. 
treatment in the past. Biochemical assays were carried out in the laboratory center of the 
UniversityHospital Utrecht (Head dr. F.H.J. Gmelig Meyling), the Netherlands. 
The intensity of smoking in the dwellings ranged from non-smoking, via sporadic smoking 
(less than once a month) to regular/frequent smoking (at least once a month). 11 homes were 
inhabited by non-smokers only, 6 of these belonging to the acaricidal cleaner group. In four 
homes (three in the control group) sporadic smoking was observed. Two "controls" and three 
patients of the acaricidal cleaner group allowed regular smoking in their dwellings (Table 2). 
Study protocol: 
Patients were examined at regular intervals (at the start, after 2 weeks, 3, 6 and 12 months) at 
the Allergological Department of the University Hospital, Utrecht (Head: Prof. dr. E. 
Young). Physical examinations were performed at the start and end of the trial. Eosinophil 
counting in nose secretion and in blood were repeated three and six months after the start of 
the experiment. 
Symptoms were scored by the patients daily, using presence and duration of the following 
symptoms; itching of eye and nose, sneezing, nose-secretion, nose-bleeding, eye-irritation, 
nasal blockage. The time during which each symptom showed itself in every 8 hour period 
was divided into four classes: no symptoms perceived (rated 0), symptoms present for 0 - 0.5 
h (rated 1), 0.5 - 2 h (rated 2) or more than 2 hours (rated 3). All scores for one day were first 
added and then divided by 3 to obtain the daily scores. Daily scores were added to obtain 
two-weekly scores. A minimum two-weekly score of 0, and a maximum of 252 could be 
reached. A patient was considered to have no subjective symptoms when in a period of three 
months the two-weekly score never surpassed 10 and no more than 3 of the 6 two-weekly 
scores were above 5. The consumption of medicine (medication was used by 50% of the 
subjects) was quantified on the basis of daily intake. All scores for one day were added to 
obtain daily scores. Daily scores were added to obtain two-weekly scores. Three medication 
types were scored: nasal spray type A (Beconase (R), Rhinocort (R) & Syntaris (R) -
containing corticosteroids; beclomethason, budesonide, and flunisolide respectively), nasal 
spray type В (Lumusol (R) and Rynacrom (R) - containing cromoglycate), and tablets 
(Triludan (R) - antihistamines; terfenadine). The 3-months median of values of all two-week 
periods both for symptoms and medication were used for statistical analysis. No statistical 
differences (Mann Whitney U-test at p=0.05) were found for symptom scores between the 
two groups after the first period of three months, nor was this the case within each group 
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a = not reliable; patient stopped drug consumption in week 45 (November 1988), although 
symptoms had not diminished. 
* differences in normalized medians of scores ( 0-3 months versus 9-12 months) 
< 1 = improvement 
1 = no change 
> 1 = worsening 
** smoking allowed in dwelling? 
no = no smoking 
sporadic • smoking less than once a month 
frequent = smoking more or less frequent (> once a month) 
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when the first six weeks were compared to the last six weeks of this period. The physicians' 
evaluation, based on the patients' medical dossiers, took place at the end of the study (June 
1989), and was divided into better, equal or worse. Non-worsening (equal or better) was 
compared with worsening (worse). From each patient one member was arbitrarily allocated 
to acaricidal cleaning treatment and the other to control treatment. This allocation was 
unknown to both experimenters and patients until the end of the study. At the beginning of 
the trial, no significant differences between the two groups (treatment/control) were apparent 
for any of the variables studied (Table 1). 
In both groups, all textile objects in patients' homes (carpets, padded furniture, mattresses, 
2 
stuffed animals) were vacuumed (Hoover S2222) for one minute/m at the start of the trial 
(June 1988). Directly afterwards, treatment with acaricidal cleaning or control treatment 
(both Werner & Mertz, Mainz, FRG) took place. A second treatment was undertaken six 
months later (December 1988), directly after the third collecting of dust samples. Acarosan 
foam consists of benzyl benzoate (2.6%), acrylat-copolymer (3.1%), anionic tensids+sodium 
soap+n-dodecanol (1.1%), perfume (0.04%), and water (80.1%); the control foam of: tensids 
(soidum soap) (1.00%), perfume (0.03%), and water (86%) [foam uses 13% butane/propane 
as propellent]. Acarosan powder consists of: benzyl benzoate (5.0%), sodium chlorid (1.8%), 
paraffin (8.1%), sodium alumium silicate (4.0%), amorph SÌO2 (1.0%), cellulose fibers 
(40.5%), and water (39.6%); the control powder of cellulose fibers (45%) and water (55%). 
Acarosan foam is sprayed onto a pad and distributed evenly on the textile (upholstery, 
mattresses, stuffed animals). The foam is rubbed in until it is no longer visible. Afterwards, 
the treated material was not cleaned for seven days. The powder is sprinkled onto the 
carpeting or rug and distributed evenly and thoroughly with a scrubbing brush. A drying 
period from 1 to 3 hours is required. After drying, the powder is removed by vacuum 
cleaning. 
Dust samples of home textiles were taken by the experimenters in June, September and 
December 1988, as well as in June 1989 (non-textile floor coverings and humid walls 
included in June 1989 only) by vacuuming all textile objects and non-textile floor coverings 
in patients' dwellings. Mite numbers were assessed by a flotation technique [1]. Mites were 
identified and rated as alive ("whole mite bodies") or dead ("damaged specimens"). Walls 
and non-textile floorcoverings were not cleaned nor treated. 
The Acarex-test was used for guanine assessment [19, 20,21]. The Acarex(R) test (Werner & 
Mertz, Mainz, West-Germany) assesses guanine as a measure for mite allergen [15]. 
Acarex-values were transformed to guanine amounts/g dust (mean values) according to 
Bischoff & Schirmacher [22]. 
Patients' dwellings were divided into three sections; the patients bedroom, living room and 
other rooms. The quantification of patient exposure (guanine exposure value) was based on 
the amount (mg) of guanine removed with the collected dust. The dust exposure value was 
based on the amount of dust collected by vacuuming. The guanine exposure is calculated as: 
3 χ (mg guanine/g dust χ collected dust in g for every single textile object from the patients 
bedroom) + 2 χ (mg guanine/g dust χ collected dust in g for every single textile object from 
the living room) + 1 χ (mg guanine/g dust χ collected dust in g for every single textile object 
in the other rooms). Dust exposure is expressed in the same way, but is based on the amount 
of collected dust (gram). 
Statistical analysis: 
Missing values in medication or symptom score were treated as "not changed" and the score 
of the previous day was taken. Periods of two weeks or longer that were not spent in the 
dwelling (e.g. during holidays), were exchanged with the summed daily score of the previous 
two week period. Missing values for guanine exposure were set at the calculated median 
Acarex-value of that particular dwelling and object group. 
Data on total IgE, mite-specific IgE, eosinophilia in blood and nose mucus, intracutaneous 
tests, guanine and dust exposure were normalized through dividing by the values of June 
1988 (start of the experiment). Medication and symptom scores (three month periods) were 
normalized through dividing by the median value of the first three months of the experiment. 
Before normalizing, scores of medication and symptoms were transformed as "median value 
+ 1", whereas observed nose-eosinophilia values were transformed as "x+0.1", to remove 
0-values. 
The data were not distributed normally, not even after log-transformation. Only 
non-parametric statistics could be used [23]: randomization test for matched pairs; Mann 
Whitney U-test to compare the two groups (both with normalized data); McNemar test for 
the significance of changes; Binomial test. Physicians' evaluation was in essence a nominal 
measurement, which did not permit more sophisticated statistics. In the Academic Hospital, 
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Utrecht, the Netherlands, spring 1989 saw fewer allergic patients as well as fewer allergic 
complaints as compared to 1988. Therefore worsening versus non-worsening was tested. 
Changes in time within the two groups were studied with the Mann Whitney U-test and the 
Binomial test (for exposure variâtes only) with non normalized data. Spearman correlations 
were computed with non-normalized data at the start and the end of the experiment as well as 
with the differences between the normalized end-values. The confidence limit was set at 
0.05. 
Results; 
None of the patients reported any toxic or irritant effect of acaricidal cleaner or control 
treatment, except for some annoyance caused by the lavender/citrus smell (present in the 
acaricidal cleaner as well as in the control), which was removed from the products by the 
manufacturer after the trial. 
One year after initial treatment, daily symptom scores had diminished in the acaricidal 
cleaner group as compared to the control group (matched pairs: p=0.025; groups 
0.025>p>0.01). Eight out of 10 patients in the acaricidal cleaner treatment group improved 
more than their control; 3 lost their symptoms (Table 2). In the acaricidal cleaner group 80%, 
and in the control group 40% of patients improved (Table 2). No patient from the control 
group was free from complaints at any time during the trial. The improvement in the 
acaricidal cleaner group started about 3 months after the initial treatment and continued until 
the end of the experiment (comparison start-end: p=0.05)(Fig. 2). Evaluation by the 
physician showed "non-worsening" in the acaricidal cleaner group (p=0.02), but not in the 
control group (p=0.22). Comparison of physicians' assessment in the matched pairs did not 
show any changes (Table 2). 
In the acaricidal cleaner group, 4 patients used medication daily. In the control group this 
occurred in 6 cases. After 5 months, one patient in the control group suddenly stopped 
medication, since she did not perceive any benefit; her symptom score rose dramatically 
afterwards. Although 3 out of 10 patients who initially used medication (two treatment 
groups and one control group) were free of drugs by the end of the experiment, no overall 
differences were found in the matched pairs or between the groups (Table 2, Fig. 1). 
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Figure 1: Median values of the differences of normalized variâtes (CONTROL -
ACAROSAN) in acaricidal cleaning treatment and control group (10 matched pairs) during a 
12 month observation period. Significant differences (randomization test for matched pairs at 
p<0.05) are indicated with an asterix. 
Total IgE dropped in the acaricidal cleaner group as compared to the control group (matched 
pairs: p=0.0049; groups: 0.050>p>0.025). The maximum fall of total IgE 12 months after 
first treatment was 47% (with a mean of 38%) of the initial level in the acaricidal cleaner 
group. The total IgE level in the control group did not change. Specific IgE against D» 
pteronyssinus. eosinophil countings (blood and nose), as well as intracutaneous tests with D. 
pteronvssinus and histamine stayed at the same level (Fig. 1). At the start of the experiment 
elevated eosinophil levels in the blood were present in 4 patients of the acaricidal treatment 
group and in 3 patients of the control group. After one year, the increased eosinophil level in 
the blood serum of all 4 patients who received acaricidal cleaner treatment fell below the 
value of 200, in the control group this occurred in one (out of the three) patient. 
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Guanine exposure dropped; (matched pairs p=0.0449·, between groups 0.025<p<0.05) when 
comparing start and end values (Fig. 1). Dust exposure did not change (Fig. 2). The 
mite-killing -as expressed in intrinsic rate of natural increase- dropped significantly in all 
acaricidal cleaning (Acarosan) groups as compared to the intensive cleaning group (all textile 
objects 0.01<p<0.025; all padded furniture 0.01<p<0.025; textile floorcoverings as well as 
mattresses 0.025<p<0.05; upholstery 0.001<p<0.01) [14].
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Figure 2: Daily symptom scores and exposure to guanine and dust. Symptom scores are 
shown as the median value for all members of one group for a total of two weeks of daily 
symptoms. Exposure values are indicated by histograms of the median value of all 
participants of one group (acaricidal cleaning treatment and control). 
Guanine exposure decreased constantly in the acaricidal cleaner group, reaching 70% of start 
value at the end of the experiment (binomial test p=0.001). In the control group the reduction 
was a mere 3%. Guanine exposure showed a seasonal fluctuation with the exposure peak in 
late summer (September), a low value in winter (December) and a return to almost the start 
value in June (Fig. 2). 
An acaricidal treatment (Acarosan) may influence the existing ecosystem (house-dust) and 
this may effect variâtes as well as their interrelations. Using start values, significant 
(p=<0.05) Spearman rank correlations were seen among the exposure variâtes. At the end of 
the experiment these correlations vanished in the control group. Guanine exposure and daily 
symptoms showed no relation at the start of the experiment. After 12 months a negative 
correlation appeared in the acaricidal cleaner group. At the start of the experiment total IgE is 
related to specific IgE towards house dust mites in the acaricidal cleaner group only, 
indicating non-homogeneity towards this variate. Twelve months later this relation was 
apparent. However, changes in both variâtes (total IgE and specific IgE) were positively 
correlated in the control group only. Other significant correlations concern the blood 
eosinophilia and IgE. For total IgE the relationship apparently weakened during the 
experiment and became negative for the correlation of changes. Specific IgE on the other 
hand showed a positive correlation with blood eosinophilia in the control group at the end of 
the trial, but correlations of changes were not significant. 
Stored food mites, as well as house-dust mites were present on 7 humid walls of the control 
group (the numbers 1,3,5,6,7,8 and 9) as well as on 4 humid walls of the acaricidal cleaner 
group (the numbers 2,3,8 and 10)[24]. Furthermore, one dwelling in the acaricidal cleaner 
group (number 7) was infested with cockroaches. 
In this mite-avoidance study the use of an acaricidal cleaner in homes of perennial rhinitis 
patients led to a diminishing of daily symptoms, of guanine exposure, and of total IgE. In 
contrast, the control group with intensive cleaning "only" showed no such effects. 
In view of the erratic distribution of highly mite-infested home textiles it is essential that the 
allergen levels are monitored with (semi-) quantitative assays in the whole personal 
environment of patients. Our exposure values are based on this observation, and on the 
proposed mite (allergen) standard [15]. The correlations of guanine and dust exposure 
variâtes at the start of the experiment vanished in time, except in the control group. We 
conclude that the quantitative relation of removable guanine and dust has been changed by 
the avoidance measures in the acaricidal cleaner group. Two factors may have influenced this 
process. Firstly, guanine production decreased after the mite-control. Secondly, guanine is 
removed more efficiently with the acaricidal cleaner than by normal intensive cleaning. The 
dust binding capacity of the two acaricidal cleaning formulations differ from the control 
formulations in the use of acrylat-copolymer (acaricidal foam) or paraffih (acaricidal 
powder). 
Non-specific factors, such as irritating dust, fumes, smoke and gasses, humidity, cold air, and 
strong odours may provoke symptoms in rhinitic patients. These non-specific factors, 
combined with specific allergens (e.g. stored food mites, cockroaches, animal danders), are 
generally neglected in clinical eficacy studies. In spite of the fact that in the acaricidal cleaner 
group 40% of patients' homes were regularly visited/occupied by smokers, and the findings 
(during the course of the trial) of other, allergen-sources offensive to patients such as stored 
food mites and cockroaches, this study shows a decrease of rhinitic symptoms of 
mite-allergic patients. 
Eosinophilia changes in blood as well as in the nose secretion in allergic rhinitis may be 
related to the symptoms experienced by the subjects [25]. In this study the counting of 
eosinophilia in nose secretion and blood serum gave no additional information. However, it 
is known that many variables may influence determination of numbers of eosinophils, 
especially in nose-secretion. Objective improvement in allergic rhinitis was shown in the 
acaricidal cleaner group by significant reduction of total IgE, but not in specific IgE to 
D.pteronyssinus. In most mite-avoidance studies, it was expected that serum levels of 
specific IgE to the house-dust mite would fall after a period of successful avoidance. 
However, decreases as well as increases were observed [8-13,26-30, 32-40]. 
Previous avoidance studies in mite allergic patients have been successful in reducing 
asthmatic, rhinitic or conjunctivitic symptoms [7-13,26-32] and in reducing total IgE 
[7,27,28,31]. Others were unsuccessful [33-40]. The decrease in total IgE after successful 
avoidance is not caused by a fall of specific IgE. Any effect from seasonal factors appears 
equally unlikely, because measurements were performed with an interval of exactly one year. 
As a result of a long-term epidemiologic study in the F.R.G., Hallauer et al. [41] found a 
positive correlation between the degree of outdoor pollution and total IgE concentration in 
serum. In our experiment, we found a negative correlation between the changes from start to 
end of trial in total IgE and dust exposure (which is in fact the collectable/removable dust). 
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Dust exposure did not change in time (12 months) in the acaricidal group and total IgE fell. 
The conclusion remains that the avoidance measures taken had a positive impact on guanine 
exposure, and were responsible for these total IgE falls. 
Three successful avoidance studies involved removal of carpets and stuffed toys, covering 
mattresses with plastic, or washing bedding regularly [27,28,29]. In three other studies 
asthmatic symptoms improved by relocating patients from their own houses to 
"mite(allergen)-low" places/rooms [7,26,31]. Blanc [8] concluded improvement of asthmatic 
symptoms on the basis of patients opinion in 92% of 133 cases, by using the MCR nebulizer 
with Paragerm AK, followed by intensive cleaning of the complete dwelling. Only one 
author mentions rhinitic symptoms [10]. In his not-controlled experiment improvement was 
71 %. He too used the acaricidal cleaner Acarosan. 
Saint Georges-Gridelet et al [42] published data on efficacy and safety of most of the 
available acaricides in Europe. Acarosan foam and powder was shown to be efficient and 
safe. 
Improvement in the health of asthmatics (children and adults) has been reported previously 
after treatment with the acaricidal cleaner [9-13]. A decrease of live mites and of Acarex 
values, as well as a reduction of medication and an increase of peak-flow values were seen in 
4 out of 5 patients [11,12]. Elixmann and co-workers [13], who treated five dwellings with 
acaricidal cleaner once, no longer found living mites in carpets and in most furnishings one 
year after treatment. The changes in mite population of this trial will be reported elsewhere 
[14]. 
Instead of counting mites. Kersten et al. [9] as well as Gessinger [10] assessed 
Acarex-values. Without exception, the Acarex test values decreased and significant 
lung-function improvement and reduced anti-asthma medication were seen in a group of 49 
patients after 3 months [9]. 39 of these patients were followed for a year [10]. Acarex-values 
stayed low, improvement of lung-function, asthmatic, rhinitic and conjunctivitic symptoms 
remained for about 7 months after treatment. A second treatment of acaricidal cleaner after 8 
months was recommended. A decrease of guanine and of asthmatic symptoms was seen in 7 
out of 12 French patients [32]. These promising clinical results were reported in 
uncontrolled, mostly short termed studies. Our 12 month double-blind trial supports the 
previously reported clinical improvements after mite avoidance with the acaricidal cleaner 
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(Acarosan). The acaricidal cleaning method proves to be an effective and safe instrument in 
reducing mites and allergenic dust, and benefits mite-allergic patients. 
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Interuniversity task group "Home and Health", Utrecht State University, Utrecht, and 
Technical University, Eindhoven, the Netherlands. 
Summary; 
We report on the practicality and efficacy of conventional and new dust avoidance measures 
to prevent allergic symptoms caused by dust mite allergens, taking into account both 
allergen contamination and the developmental success of the pyroglyphid Acari. 
Twenty patients with persisting rhinitic complaints were selected. Prior to the trial the 
patients had received information on the removal or change of home textiles and on reducing 
humidity (conventional mite avoidance). Eighteen patients had actually taken some of the 
measures advocated; none of the cases this was completely successful. The dwellings proved 
to be strongly supportive for mite development. Moisture problems due to faulty construction 
and excessive moisture production were common. Since humidity conditions could not be 
changed at short notice, the 20 homes were subjected to a new variant of mite allergen 
avoidance based on intensive cleaning. One group of dwellings (control) was treated with 
normal cleaning foam and powder (intensive cleaning). In the other group benzyl benzoate 
as an acaricide was incorporated into the cleaning formulations (acaricidal cleaner 
[Acarosan] treatment). 
Although intensive cleaning with and without acaricides every six months was equally time 
consuming, only the acaricidal cleaner decreased the mite load in this 12 month period. With 
respect to mite extermination, acaricidal cleaning was 88% better than intensive cleaning. 
Reduction of guanine (mite feces indicator) was 38% better in the Acarosan treatment group. 
Clinical results have been reported elsewhere. 
Time consumption of the acaricidal cleaning method is considerable, ranging from 2 to 10 
hours per treatment for one dwelling in our experimental group. Two treatments a year were 
needed for sufficient mite control. 
Another 50 patients were questioned. About 90% were willing to spend two weekends 
(70%), or at the most one weekend (20%) per year cleaning the dwelling with the whole 
family. 
The authors consider acaricidal cleaning to be a significant improvement in the 
management of mite-allergic diseases, such as rhinitis. Compared with the replacement of 
home textiles, this treatment is less expensive and more effective. 
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Tnfrnduction: 
In the case of mite-induced allergy, dust and mite avoidance is the first therapeutical means 
advised [1]. Mite-ridden dust provokes the symptoms, and moisture is the prime influencing 
factor for the development of the mites [2]. The old concept (conventional sanitation) is 
based on two principles: removing dust from the patient's home by changing the furnishings, 
and dehumidifying the dwelling [1] 
A recently formulated avoidance procedure (selective avoidance) is based upon the following 
steps: 1. Detection of the mite source in individual dwellings, followed by 2. the killing or 
removal of the mite population, as well as removal of allergenic dust [3]. Promising results 
concerning practicality and efficacy were observed. Improvement of asthmatics was reported 
in five studies using acaricidal cleaning [summarized in 3]. 
This study concerns 20 dwellings of allergic patients with perennial mite-induced rhinitic 
symptoms. All had a long history of complaints, and consulted their physicians regularly. 
Clinical details of the trial were reported elsewhere [4]. We now report on the practicality 
and the aspects of comfort for the patient, of three types of avoidance in conjunction with 
changes in offending mite populations and fecal contamination of dust. 
Subiects. Material and Method: 
Twenty Dutch patients (aged 12-35 years; ratio male/female 7:13) living in 20 different 
dwellings, participated in a double blind mite avoidance trial. Another 50 interested atopics 
entered the study by answering a questionnaire, but no measurements were taken in their 
dwellings. General questions were posed as well as questions pertaining to the sanitation 
method already performed and the willingness to carry out mite avoidance through 
(acaricidal) cleaning. 
The selection criteria for the 20 patients and their dwellings, as well as the characterization of 
the patients are described elsewhere [4]. The 50 patients questioned were selected from an 
address file of patients who had shown interest in mite avoidance during the previous 12 
months. All patients had received routine instructions for the allergological sanitation of their 
dwellings [1]. 
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Information on the normal state of the 20 dwellings was obtained by questionnaire as well as 
by visual and technical inspection. Special attention was given to adherence to NEN 1087 of 
the Netherlands Normalization Institute (Ventilation-requirements in dwellings) and 
constructional humidity parameters, such as rising and penetrating damp, water leaks and 
surface condensation. Furthermore, information was gathered about heating-, ventilation 
systems, and material used for curtains and wall-coverings. An indoor weather parameter 
(modified climate-class) was calculated from in- and outdoor absolute humidity data (1.2 m 
above ground level) and outdoor temperature in a pilot measurement in the period 
March-April 1989. Pi (Partial water vapour pressure [Pascal] in the dwelling), Pe (Partial 
water vapour pressure [Pascal] outside the dwelling). Te (Outdoor temperature [degree C]) 
were used to calculate the indoor weather class. The hygienic level for indoor weather in the 
Netherlands was taken from Schober [5] and set below class III [6]. 
Avoidance data were obtained by questionnaire, visual inspection and dust sample analysis. 
Patients were interviewed by questionnaire as to their knowledge of avoidance procedures 
and the measures actually taken. Mite and dust avoidance measures, but not dehumidifying 
attemps of patients' dwellings, were taken into account. 
To evaluate the efficacy of the avoidance endeavours, dust samples were taken in June, 
September, December 1988 and June 1989 through vacuuming all textile objects. Non-textile 
floor coverings were only sampled in June 1989. Sampling intensity was 1 minute/m2 
surface area with a Hoover S2222 vacuum cleaner. Patients' dwellings were divided into 
three sections; living-room, patients' bedroom and other rooms. In June (after vacuuming) 
and December 1988, all textile objects in the 20 dwellings were either treated with a cleaning 
formulation (intensive cleaning =control) or with an acaricidal cleaning formulation 
(=AcaTosan treatment) in a double blind set-up[4]. Acarosan is composed of a mite-killing 
component (adsorbed benzyl benzoate) and cleaning (allergenic dust removing) components. 
The Acarosan moist powder consists of benzyl benzoate which is adsorbed to zeolith (an 
anorganic molecular sieve with a relatively high specific weight) and a powder of cellulose 
fibers with a relatively low specific weight as well as an organic liquid. The 
allergen-containing dust components are soluted from the house-dust reservoir by liquid 
paraffin, and during drying it is adsorbed to the cellulose fibers. After drying the loaded 
cellulose fibers are collected by vacuum cleaner, while the smaller (2 mu in diameter) and 
heavier mite-killing particles sink in the carpet pole. 
The Acarosan foam uses another kind of solidified benzyl benzoate as a mite killer. The 
allergenic dust removing effect starts with tensids and water loosening the dirt particles from 
textile fibers, fixing them afterwards to a polymer film. This film, loaded with 
allergen-containing dust, is destroyed by mechanical influences, and removed by vacuum 
cleaning [Bischoff, personal communication]. 
In accordance with current advice to patients a living room was considered sanitated when at 
least floor coverings or furniture were non-textile. However, a bedroom only needed 
synthetic bedding to be rated as sanitated. The group "other rooms" was seen as sanitated 
when a non-textile floor covering was present. 
To evaluate the socio-economic status in the 20 homes studied, the financial effort needed to 
replace all too highly contaminated textile objects was estimated, as well as the time and 
money needed to perform a selective avoidance. Time and product consumption for selective 
mite avoidance procedures with Acarosan and normal cleaning formulations in different 
mite-niches were obtained from manufacturers' information (Table 1) and calculated from 
vacuum data of our 20 dwellings. Writing off period for furnishings was set at 5 years for 
2 
carpet and 10 years for furniture. Default replacement cost for carpet was set at US$ 50/m ; 
2 
for padded furniture US$ 25/m . Default treatment frequency was twice in the first year and 
once in the years thereafter. This adds up to 5 treatments in 5 years (carpets) or 10 treatments 
2 
in 10 years (furniture). Current German prices (US$ 2.50/m for Acarosan foam; US$ 
г г 
2.50/m for Acarosan powder; US$ 0.30/m for normal cleaning foam and powder cleaning) 
were used in the calculations. 
Mite numbers (alive, dead and total) were assessed by a flotation technique [7]. Guanine 
determinations were made by the Acarex test [8,9,10] to obtain data on amount of 
mite-excrements in vacuumed dust as an indicator for the allergen level [11]. The Acarex-test 
has 4 upgrading classes (0-3). Sections or surfaces were considered effectively sanitated 
when mite product levels (Acarex) did not reach risk levels of Acarex < 1 (weakly positive) 
[12,13]. Increase or decrease of mite-numbers after treatment was calculated by the intrinsic 
rate of increase per month (r) [14]. The numbers of living mites in June 1988 (N0) and June 
1989 (Nt)were used in this calculation; r = In N, - In Nß/t (t=time period). A negative r-value 
indicates a population decrease, whereas a positive value is an indication for an increase. 
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Mite risk level was set at 100 mites/g dust (furniture and mattresses) [15,16,17], and 10 
mites/g dust (floor coverings)[18,19]. 
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2 h 40 min 
Data were not distributed normally, not even after log-transformation, so only 
non-parametric statistical tests could be used [20]; the Mann-Whitney U-test to compare the 
3 different treatments. The confidence limit was set at 0.05. 
90% of the patients (18 out of 20) confirmed at least partly to the given avoidance advice. 
Sixteen patients carried out the conventional sanitation according to pamphlets originating 
from hospitals, industries and the Dutch Asthma Foundation (NAF), the other two were 
instructed by their physician only. 
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About half of the patients had altered the living room, 15 out of 20 (75%) had attempted to 
sanitate the bedroom, while 8 (40%) had also taken avoidance measures in other rooms. Only 
5 (25%) patients sanitated all rooms. In spite of these avoidance attempts all dwellings had 
breeding places for mites, and most had a fungi problem. Textile floor coverings ranged from 
3 - 107 m /dwelling (median 54), and padded furniture from 17-159 mVdwelling (median 
54.5). Curtains were made of natural fibres in 10 out of 20 bedrooms of patients (50%) and 
in 3 living rooms (15%). Paper or textile were present on the majority of walls and room 
partitions (Table 2). One measure advocated in conventional sanitation, using hard floor 







































































PVC = poly vinyl chloride 
· * = lamella 
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coverings instead of textiles, appeared effective in decreasing living mite numbers (median 
0.2; range 0 - 16.7/g dust versus median 80; range 0 -92/g dust). As for Acarex values hard 
floors always scored 0 (negative), while floor textiles ranged from 0 to 3 (strongly positive). 
With regard to the indoor climate, especially the moisture levels, 17 out of 20 homes (85%) 
were considered humid. In the majority of cases (13) this could be attributed to inadequate 
construction of building or heating/ventilation systems (moisture problems A,B,C & D2a of 
Table 3); in 9 cases (45% of dwellings) household activities presumably led to an increased 
moisture production (moisture problems Dl of Table 3). Indoor climatic measurements, 
although not complete, indicate a climate class III or higher in 50% of the homes. Inhabitants 
were given advice as to how to dehumidify their dwellings. Changes in life style (2x) or 
construction (5x) or a combination of both (lOx) were advocated. The results of these 
interventions can only be measured in the long run over a number of years, and are not 
further taken into account in this publication. 
Apparently dwellings had a sufficiently high moisture level to support the population growth 
of house-dust mites even in the 3 cases (15% of dwellings) where no technical moisture 
problems were apparent. There appeared to be a large range of mite-counts (0-1995 mites/g 
dust) and all Acarex-classes were present. In total 19,089 mites were identified in June 1988. 
About 87% belonged to the family Pyroglyphidae (house-dust mites), with 
Dermatophagoides pteronvssinus (Trouessart 1897) and P. farinae (Hughes 1961) being the 
most abundant species. Stored food mites represented 5% of the mite fauna on home textiles, 
and 21% on walls [21]. In this group the families Glycyphagidae and Acaridae were noted 
for their abundant occurence. 
All 20 patients entered this study because of long lasting allergic problems, alledgedly in 
spite of conventional sanitation (16 out of 20 dwellings proved sanitated). No correlation was 
noted between conventionally sanitated rooms, mite numbers and guanine values; values 
below risk levels were found in both conventionally sanitated rooms and in not sanitated 
sections of the dwelling. 
After the execution of conventional avoidance measures in 18 dwellings, 48 to 77% of 
vacuumed textile objects still possessed an increased risk level based on guanine values (Fig. 
1 A). Also 53% (padded furniture) to 77% (floor coverings) of textile objects were above the 
proposed risk level based on total mite numbers. One year after intensive cleaning (2x) of 
home textiles with powder and foam, the number of objects with an increased guanine 
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N.D. = not done 
(*) Central: central heating through a hot water system 
Gas : One heater/room using natural gass 
Fan : Central heating system by means of hot air 
(**) nat = natural ventilation 
mech. = mechanical ventilation 
nat.+mech.= both types of ventilation 
(***) A. water leak; 
B. rising damp; 
C. penetrating damp; 
D. surface condensation Dl. probably mcreased moisture production 
D2. probably inadequate moisture removal: 
a. NEN 1087 regulations not met 
b. NEN 1087 regulations met 
[pr. = probably present} 
(****) yes = level (weather-class Π) exceeded; 
no = level (weather-class Π) not exceeded. 
(*****) yes = level (climat-class Π) exceeded; 
no = level (climate-class Π) not exceeded. 
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risk-level had diminished strongly. However, 38 to 65% of textile objects needed an 
additional treatment. The effect of acaricidal cleaning with Acarosan exceeded the effect of 
intensive cleaning with up to 50% (Fig. 1). Acarex-step-reducing effect was higher in 
acaricidal cleaning (Acarosan) as compared to the intensive cleaning (all textile objects p= 
0.004). Although the acaricidal cleaning treatment was generally better than both 
conventional avoidance and intensive cleaning, in the case of mattresses 17 out of 31 (55%) 
remained above risk level. These mattresses were all more than 10 years old. 
R-values (intrinsic rate of increase per month) decreased in all acaricidal cleaning (Acarosan) 
groups as compared to the intensive cleaning group (all textile objects 0.01<p<0.025; all 
padded furniture 0.01<p<0.025; textile floor coverings as well as mattresses 0.025<p<0.05; 
upholstery 0.001<p<0.01). The change in mite population 12 months after acaricidal 
treatment, expressed as r-value ranged from -2.43 to +0.18 (median -0.53) in the case of 
floorcoverings, -2.45 to +1.16 (median -1.56) in the case of padded furniture and -6.31 to 
+1.61 (median -1.22) in the case of mattresses. For intensive cleaning r-values were -1.39 to 
+3.75 (median +0.21) for floorcoverings, -0.73 to +1.18 (median -0.34) for furniture and 
-1.03 to +0.88 (median +0.13) for mattresses (Fig. 2). 
REPLACBHENT INTENSIVE CLEANING ACARICIDAL CLEANING 
Fig. 1: Number of textile objects below risk level of Acarex=l (safe exposure), after the 
application of three different avoidance procedures: at the start of the experiment for the 
replacement group (n=10 + 10' homes), 12 months after intensive cleaning (n=10 homes), 
and 12 months after acaricidal cleaning ^=10' homes). 
Cost comparisons of replacement, household cleaning and acaricidal treatment of offending 
furnishings amount to a 67% reduction for carpets and a 50% reduction for other furnishings 
(mattresses, padded furniture etc.). Selective mite avoidance (intensive cleaning and 
acaricidal treatment) takes 5 h 51 min (median value) per treatment (range 107 - 632 min). 
The treatment as well as the allergen inventarization by Acarex test is included in these 
values, but not the drying of the cleansing agent. For individual patients money saving over a 














INTBISIVE CLEANING ACARICIDAL CŒANING 
Fig. 2. btrinsic rate of natural increase (r) during a 12 month period as a measure of the mite 
reducing effect of two different avoidance procedures; intensive cleaning (n=10 homes) and 
acaricidal cleaning (n=10' homes). 
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REPLACEMENT INTENSIVE CLEANING ACARICIDAL CLEANING 
Fig. 3. Costs in money (US$) and rime (hours) calculated over a 5 year period to perform 
three different types of avoidance procedures: replacement of home textiles (US$ 50/m2 
carpet; US$ 20/m2 furniture, writing off period 5 and 10 years respectively), intensive 
cleaning (US$ 0.30/m2; in 5 years 5 rimes), acaricidal cleaning (US$ 2.50/m2; in 5 years 5 
times). 
89% of the patients (50) questioned are willing to perform selective avoidance as far as rime 
consumption is concerned. The most frequently stated restriction was that the measures 
should have the expected effect on patients' complaints. The current price was acceptable to 
44% of the patients. 
Discussion: 
Despite the fact that the majority of the selected dwellings were conventionally sanitated, risk 
levels for allergen exposure were generally exceeded. These findings are not surprising since 
all 20 houses were inhabited by patients with allergic symptoms resisting current therapy. 
The limited success of conventional avoidance has been repeatedly reported (summarized in 
[22]). Apparently the removal of textiles, exchanging the mattresses and regular vacuuming 
are neither practical nor financially acceptable under mite-prone (damp) and comfortable 
home conditions. 
A relative humidity of 70-85% in a dwelling is optimal for mite growth [2,7]. Construction 
faults were common in patients' dwellings. Surface condensation was the most frequent 
problem. Increased water vapour production originating from household activities (indoor 
drying of textiles or cooking without exhausting) or insufficient moisture removal due to 
incompetent ventilation systems or suboptimal use of ventilation equipment were the main 
causes of surface condensation. Lowering the moisture level called for (unacceptable) 
changes in life habits or was economically not feasible. However, even if these 
improvements were realised no positive effects are to be expected within 12 months [16]. 
Whether dehumidifying is a practical solution for mite problems should be subject to further 
long-term studies of at least three years' duration. 
The complaints of patients in this study originated from house-dust as well as storage mites. 
Moisture plays an important role in the life conditions of these mites, in a direct way as well 
as through nutrition. Furthermore fungi are a food for the storage mite species found [7]. A 
complete allergological sanitation should therefore include the removal of mites and fungi. 
Effective management of the mite-problem (house-dust and storage mites) in dwellings and a 
subsequent improvement of patients' complaints may be achieved by infestation prevention, 
extermination of the mites and the removal of produced allergen. The Acarex/Acarosan 
concept [22,23] came up to perform an effective, safe and practical home sanitation against 
house-dust mites and their allergens, with significant clinical amelioration of patients health 
within a few months [4]. Although in this study the selective concept was not performed as 
such (since all textile objects were treated), we may conclude from literature data [24] that 
selective avoidance with Acarosan is just as effective as our "complete" treatment. 
Field studies with other chemical treatments include Tymasil (natamycin and benzalkonium 
chlorid) and Paragerm (benzoic acid, terpineol, chlorophenol and thymol). The effect of 
Acarosan in our study was superior to these in the sense of mite population reduction [25,26] 
as well as in its clinical effect [27]. 
Acarosan, an acaricidal cleaning agent, formulated as a foam or a moist powder may be used 
on home textiles. Although the time investment in this type of avoidance is high, most atopic 
patients are willing to cany out such measures when there are good chances for success. 
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CHAPTER I V r G E N E R A L D I S C U S S I O N & S U M M A R I E S 
1. GENERAL DISCUSSION 

GENERAL DISCUSSION 
House dust is a heterogeneous mixture of active and inactive allergen sources/producers, 
allergen carriers and of pure allergens. Among the first, mites represent an important source 
of allergens. Nevertheless, other constituents of dust may also be responsible for its 
allergeneity such as allergens from pets (cats, dogs etc.), from insects like cockroaches, 
silverfish and dust lice, and also from moulds, pollen, algae etc [1]. Management of dust 
allergens consists of a thorough clinical diagnosis, a periodic detection of allergens in the 
home followed -when needed- by the reduction and removal of allergen sources, allergen 
carriers and allergens. The aim of the studies incorporated in this thesis is to gain a 
theoretical and practical insight into the possibilities of the management of dust allergens 
(Chapter I). 
In order to diminish the allergenic activity of house-dust to such an extent that the risk of 
sensitization or of increasing allergic symptoms is minimalized, the allergen sources, the 
allergen carriers as well as the produced allergens should be well managed. 
If we do not take into account the emotional impact on the petholder and the pet, the removal 
of pets is not difficult. Nevertheless, their allergens will still be found in the house-dust for 
months afterwards [2]. These will have to be removed by other means (e.g. by cleaning). The 
removal of the other mentioned allergen sources is more difficult. Total removal of the 
allergen producing house dust community and of (allergenic) dust is neither a possible, nor a 
necessary goal in the management of dust allergens. The solution most suitable for this 
purpose is the application of pest control methods (to reduce the allergen sources) followed 
by the removal of allergenic dust. Additionally, measures to prevent reinfestation are useful 
[3]. 
The so-called conventional sanitation of dwellings to reduce exposure to house-dust mite 
allergens (Pyroglyphidae - Dermatophagoides and Euroglyphus) is a method commonly 
recommended to patients. Regular vacuum cleaning together with changes in life-style or 
alterations in the interior of the dwelling are recommended [4]. In this thesis a new method, 
called selective avoidance, based on problem detection and acaricidal cleaning is discussed 
(Chapter III.2). 
Quantification of allergen exposure: 
In order to estimate the degree of exposure, detection of allergen sources (producers) is 
essential. For this purpose house-dust is used. Three major ways of assessment of allergen 
content are known: 1. The counting of allergen producing organisms by a trained biologist; 
2. The immunological investigation of the allergen content of dust collected either from the 
air or from surfaces; 3. The assessment of the amount of excretion products of allergen 
producers in house dust [5]. 
Counting allergen producing organisms is a useful method for collecting ecological data. 
Flotation methods or dilution plate methods are frequently used for this purpose [6]. 
Although organisms are the producers of allergen, the allergen itself is of more importance to 
the patient [7]. Dust can be examined by laborious immunological methods for determining 
the amount of specific allergens. However, it should be known beforehand which particular 
allergen is offending the patient. Allergens can be found in the settled dust as well as in the 
air [8]. Airborne allergens are a direct danger to the patient; allergens in settled dust are a 
potential danger. The allergological value of the assessment of amount of excretion products 
of allergen producers is based on the fact that the allergens themselves are mostly also 
excretion or secretion products. 
Excretion and secretion products of many living organisms contain enzymes [9]. Phosphatase 
enzymes (alkalic, acid and Phosphoamidase) are a helpful tool in the detection of the biotic 
activity of dust. A positive and significant correlation is found between the number of 
common allergen producers (arthropods, fungi and bacteria) and their produced quantity of 
phosphatase enzymes. With the help of this method, an extensive number of dust samples 
from hazardous areas may be screened quickly for their biotic activity. Interesting samples 
can be examined in more detail with the help of other tests (Chapter Π.3). Furthermore, the 
assessment of the enzymatic activity can expected to be useful in the detection of xerophilic 
fungi in house-dust. An increase in activity of a number of enzymes was seen during the 
growth of Aspergillus repenson a mixture of skin scales and beard hairs. Phosphatases, two 
esterases and the specific N-acetyl-beta-glucosaminidase (chitinase related enzyme) increased 
during growth (Chapter Π.2). Detection of mites contamination is performed through the 
nitrogeneous waste product guanine [10]. Insect exposure could possibly be detected with 
their nitrogeneous end product, uric acid [11]. 
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Selective avoidance is based on routine management of the mite-allergen source, preferably 
by the patient. We used guanine quantification (commercialized as Acarex-test) as the mite 
allergen detection method. Guanine is the main nitrogeneous end product of mite 
metabolism. It is found in the fecal pellets of mites as well as in the mite bodies along the 
internal body wall [12]. A correlation exists between guanine and mite-allergen {Der PI) 
content. The guanine-detection test will help the patient or physician in finding textile 
objects in the dwelling contaminated by house-dust mites. If the dust from an object shows a 
guanine content of more than 0.6 mg/gram dust (step 1), sanitation is necessary (Chapter 
11.1). 
In a case study, three mite inhabited dwellings were treated with an acaricidal cleaning 
formulation. The effectiveness of home sanitation was monitored by measuring the amount 
of guanine as well as by counting the number of living and dead house-dust mites. The 
decrease in the number of mites after acaricidal treatment could be measured and traced 
quantitatively by the amount of guanine present (Chapter 11.4). 
The first step in management of dust allergens is the diagnosis by the physician. Patients may 
be mono-allergic, which means that at a given moment the patient is only sensitized to one 
allergen. Most patients are in fact allergic to different allergens. If the patient is 
mono-allergic, special attention in management has to be given to that particular allergen 
source. In other cases all remaining relevant allergen-sources must also be taken into account 
(Chapter III. 1). 
Pust mite management (Sanitation): 
Several sanitation methods are available [4]. All methods include the procedure of cleaning. 
Cleaning is the process in which an amount of material (dust) is removed from a surface. 
This can be done by vacuum cleaning or with the help of water or other solvents. Afterwards 
the mobilized dirt is removed. 
Vacuum cleaning is not effective in removing mites or their allergens [13]. Powerful, 
specially designed vacuum cleaners can reduce mite- and allergen-content up to 8% only 
[14]. Laundering at 60 degrees С or higher, as well as dry-cleaning are useful sanitation 
methods for washable textile objects [4]. Also, mattress covers (encasings) are a possible 
means of sanitation for mattresses [15]. 
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In this thesis the acaricidal cleaning (Acarosan) method is discussed and tested in a double 
blind controlled set-up. A number of acaricides are effective mite-killers, but only a few are 
commercially available. An acaricide for use in the direct environment of humans must 
comply with a number of conditions. Safety and efficacy are the main concerns (Chapter 
III.3). 
The safety of the acaricidal cleaner with its active substance (benzyl benzoate) can be classed 
as "non toxic". Benzyl benzoate has been used in medicine for more than 70 years, and is still 
used for scabies treatment in mothers-to-be. Toxicity, irritation and skin sensitization on 
animals have been tested, and no toxic effects on humans or pets need be expected (Chapter 
ΙΠ.3). 
The efficacy of acaricides in laboratory experiments has been repeatedly reported. Field 
studies are scarce, those published concern Tymasil, Paragerm, and Acarosan. Previously 
published studies with the acaricidal cleaner all showed positive clinical results [16-20}. 
These concerned in total 59 allergic patients, but were not controlled or not double-blind, and 
mostly of short duration. Our double blind trial in 20 homes of rhinitis patients was 
performed in the period of June 1988-June 1989. The daily symptom scores and the intake of 
medication were charted. A number of immunological and diagnostic tests were performed. 
Mite numbers as well as the content of guanin were determined on several occasions during 
the study. The active treatment was compared to intensive cleaning and conventional 
avoidance (Chapter III.4). 
The mite-killing effect of the acaricidal cleaner is known from laboratory tests as well as 
from field studies. In the double blind study a reduction of 88% as compared with intensive 
cleaning only could be seen. The allergeneity of the dust, based on the guanine content, 
decreased byintensive cleaning and acaricidal cleaning. However, the acaricidal cleaning was 
38% more effective (Chapter III.4). 
Objective, as well as subjective clinical improvement was found in the treated group. Total 
IgE (after 12 months) and symptom scores (from 3 months on) were reduced. One year after 
the onset of the trial, 8 out of 10 patients in the treatment group had improved, in 3 cases 
subjective symptoms had completely disappeared. In the control group with intensive 
cleaning only, 4 out of 10 patients had improved, but none of them became totally free of 
symptoms. Although intensive and acaricidal cleaning were equally time consuming, the 
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latter is more effective in both mite extermination and in the removal of allergenic dust. The 
latter is also more expensive (Chapter ΙΠ.5). 
The selective avoidance concept, described in this thesis, is an easy to use, effective 
sanitation method (Chapter III.2). After the treatment the home will still have the same 
ambiance, while after replacement of furniture and furnishings the dwelling will no longer be 
the same. The guanine detection set gives accurate information on mite exposure through 
textile objects, both before and after treatment. Objects with a mite exposure above the 
proposed risk level should be treated or removed. Acaricidal treatment results both in a low 
exposure level of treated objects for a period of 6 to 12 months and a reduction of allergic 
symptoms. Such home sanitation has not only proved to be useful in the case of patients 
already sensitized, but might also be given a place in the prevention of mite sensitization. In 
addition, long-term sanitation methods should be developed and tested in practice. These 
methods can be added to the arsenal of sanitation methods, 
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Allergens are substances capable of inducing allergies in about 5-10% of human population. 
Besides pollen, mostly originating from outside the dwelling, the highest amount of allergens 
(produced by house-dust mites, fungi and insects) can be found indoors. Moreover, these 
allergen producers can be found in the dwelling throughout the year. In this thesis mainly 
house-dust mites will be discussed. 
The management of allergen producers in our dwellings can only be performed if qualitative 
as well as quantitative data are available. These data should be collected in a simple, quick, 
safe and cheap way (Chapter 1). 
The development of a quick colour detection method to assess the amount of guanine (the 
nitrogeneous waste product of mites) in house-dust has made possible the screening of a 
large number of dwellings with regard to their exposure to mite products or their possible 
allergen load. The azo-dye method which uses dipsticks to quantify guanine in house-dust 
has been compared with the number of mites and the amount of mite allergen {Der pi) found 
in the dust. Although a significant correlation exists between mite number and guanine 
content, the correlation between mite allergen and guanine is much better. A critical level of 
0.6 mg guanine per gram dust for all textile objects, that is a risk for inducing sensitization 
for allergic patients, could be set (Chapter 2.1). 
A possible means for a quick detection method to assess the amount of developing fungi in 
house-dust was found in the présense of specific extracellular digestive enzymes. The 
released amount of a number of these specific enzymes was measured before and after the 
growth of a fungi {Aspergillus repens) on a mixture of skin scales and beard hairs. A colour 
reaction, based on azo colouring, showed an increase in the amount of 3 different 
phosphatases, 2 esterases and N-acetyl-beta-glucosaminidase during the growth of the mould 
(Chapter 2.2). 
Although phosphatases are common enzymes and are often related to house-dust inhabiting 
organisms, 10 mattress dust samples were examined for their biotic and enzymatic activity. 
The number of viable fungi spores, bacteria and arthropods (insects and mites), as well as the 
amount of 3 phosphatases (acid and alcalic phosphatase, phospho-amidase) was determined. 
A significant correlation was present between the biotic activity of house-dust (number of 
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organisms) and the total amount of excreted acid and alcalic phosphatase (Chapter 2.3). 
However, more tests are necessary to determine the practical relevance of this method. 
Mite number as well as guanine amount were monitored after sanitation with an acaricidal 
cleaner in 3 Dutch dwellings for a period of 9 months. Mite numbers were assessed by using 
a flotation technique, and the amount of guanine was assessed by using the azo-dye-detection 
set (Acarex). A significant reduction of mite numbers and guanine was found in the treated 
dwellings. Although fluctuations of guanine amount and mite numbers were present in the 
non-treated dwellings, no significant improvement in accordance with the proposed risk 
levels was found (Chapter 2.4). 
The allergen level in dwellings of allergic patients must be kept below certain risk levels. 
These risk levels could be based on the amount of allergens, but also on amount of guanine, 
enzymes and organisms. Patients should have the possibility of screening their dwellings 
regularly with a simple detection test for all house-dust inhabiting organisms. Objects with 
an increased amount of allergens should then be treated, which could be a part of the 
physician's sanitation plan (Chapter 3.1). 
A combined detection and sanitation method available for mite problems (Acarex/Acarosan) 
has been studied and its possibilities in allergology and dermatology have been discussed 
(Chapter 3.2). The efficacy and safety of the acaricide used in this method is compared to 
other mite eradication products available in Europe. Acarosan, based on absorbed benzyl 
benzoate, is safe in use and very effective in killing mites and removing allergenic dust 
(Chapter 3.3). 
A double blind controlled trial of 1 year with 20 mite-allergic rhinitic patients completes this 
thesis. The acaricidal cleaner used was capable of diminishing the mite population as well as 
the amount of allergenic dust, both below the proposed risk levels. Clinically, a significant 
reduction of daily symptoms (after 3 months) and of the amount of total IgE (after 12 
months) could be observed (Chapter 3.4). A comparison of sanitation by using replacement, 
intensive cleaning or acaricidal cleaning showed many advantages with regard to the latter 
method. Acaricidal cleaning is more effective both in mite-killing and in reducing the 
amount of allergenic dust. Although replacement can be useful this method is also expensive. 
Intensive and acaricidal cleaning are both equally time-consuming, but the latter is more 
effective (Chapter 3.5). 
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The proposed method, in which the killing of mites is combined with the removal of 
allergenic dust by cleaning offers many advantages. A sanitation performed in this way, 
which should only be advocated for objects with an increased risk level, is effective for 6 to 
12 months. It is cheap and very useful for reducing the symptoms of allergic patients. In spite 
of the success of this short-term method, the development of long-term sanitation methods 
(e.g. construction of dwellings with a low relative humidity) is still important. Patients 
should be able to choose between the short and long-term sanitation methods. 





Allergenen zijn substanties die bij een deel van de menselijke populatie (5-10%) allergiën 
kunnen veroorzaken. Naast stuifmeelkorrels (pollen), welke meestal afkomstig zijn van bron-
nen buitenshuis, wordt de grootste hoeveelheid allergeen JQ onze woning gevormd door huis-
stofmijten, schimmels en Insekten. Deze allergeenbronnen zijn bovendien het gehele jaar 
door in onze woning aanwezig. In dit proefschrift worden hiervan voornamelijk de huisstof-
mijten behandeld. 
Het beheersen van deze allergeenbronnen in onze woningen kan alleen gerealiseerd 
worden, indien men zowel kwalitatieve als kwantitatieve gegevens ter beschikking heeft. Het 
verzamelen van deze gegevens moet eenvoudig, betrouwbaar, snel en goedkoop zijn (Hoofd-
stuk 1). 
De ontwikkeling van een snelle kleurdetectie-methode om guanine (stikstofhoudend 
mijten-uitscheidingsprodukt) in huisstof aan te tonen, maakt het mogelijk om vele huizen 
snel en eenvoudig te controleren op mijtenprodukten en hun mogelijk belastend allergeen-
gehalte. De azo-kleur-methode met behulp van dipsticks om guanine in huisstof te kwantifi-
ceren is vergeleken met de gevonden aantallen mijten (flotatiemethode) en de hoeveelheid 
mijtenallergeen (Der pi). Alhoewel er een significante correlatie aanwezig is tussen mijte-
naantal en guanine-gehalte, is de correlatie tussen mijtenallergeen en guanine-gehalte veel 
beter. Een grenswaarde van 0.6 mg guanine per gram stof voor alle textiele objecten waaron-
der geen sensibilisatie-risico bestaat voor de allergische patient, kan uit de gevonden gege-
vens geconcludeerd worden (Hoofdstuk 2.1). 
Een aanzet tot een snelle detectiemethode voor in huisstof groeiende schimmels is gevon-
den in de aanwezigheid van specifieke extracellulaire verteringsenzymen. Het vrijkomende 
gehalte van een aantal specifieke enzymen is bepaald voor en tijdens de groei van een schim-
mel (Aspergillus repens) op een mengsel van huidschilfers en baardharen. Een kleurreactie, 
gebaseerd op de azo-kleurstoffen, toont tijdens de groei van de schimmel een toename van 
het gehalte van 3 verschillende phosphatases, 2 esterases en N-acetyl-beta-glucosaminidase 
aan (Hoofstuk 2.2). 
Phosphatases zijn enzymen die veel voorkomen. Ze zijn vaak gerelateerd aan in huisstof 
levende organismen. Dit is de reden dat 10 matras-stofmonsters onderzocht zijn op zowel 
hun biotische als ook hun enzymatische (phosphatase) activiteit. Naast het aantal schimmel-
diasporen, bacteriën en arthropoden (insekten en mijten) is het gehalte van 3 Phosphatasen 
(zure en alkalische phosphatase en Phosphoamidase) bepaald. Een significante correlatie kon 
aangetoond worden tussen de biotische activiteit van huisstof (aantal organismen) en de tota-
le hoeveelheid van zure en alkalische phosphatase (Hoofdstuk 2.3). Verdere testen zijn echter 
noodzakelijk om de praktische relevantie te bepalen. 
Het verloop van mijtenaantal en guaninegehalte tijdens een sanatie met een mijtendodend 
reinigingsmiddel in 3 nederlandse woningen is tot 9 maanden vervolgd. Het mijtenaantal 
werd bepaald door middel van de flotatiemethode, het gehalte aan guanine met de azo-kleur-
detectie set (Acarex). Een significante afname van zowel het aantal mijten als gelijktijdig van 
het guanine-gehalte (Acarex) was waarneembaar in de behandelde woningen. In de controle 
(niet behandelde) woningen waren weliswaar fluctuaties in mijtenaantal en guaninegehalte 
waarneembaar, doch er was geen significante verbetering ten opzichte van de gestelde grens-
waarden (Hoofdstuk 2.4). 
Het allergeennivo in woningen van allergici moet beneden een bepaalde grenswaarde 
gehouden worden. Deze grenswaarden kunnen gebaseerd zijn op het werkelijk allergeenge-
halte, maar ook op gehaltes aan bijvoorbeeld guanine, enzymen of organismen. De patiënt 
zou voor alle in huis voorkomende allergeenbronnen een eenvoudige test moeten bezitten en 
regelmatig de eigen woning controleren op eventueel verhoogde concentraties. In een met de 
arts opgesteld saneringsplan kunnen dan de objecten met een verhoogd gehalte behandeld 
worden (Hoofdstuk 3.1). 
Een voor mijtenproblemen verkrijgbare gecombineerde detectie- en sanatie-methode (Aca-
rex/Acarosan) is bestudeerd en haar mogelijkheden in de allergologische en dermatologische 
praktijk zijn beschreven (Hoofdstuk 3.2). De effektiviteit en veiligheid van het in deze 
methode gebruikte mijtendodende middel zijn vergeleken met die van de meest bekende in 
Europa verkrijgbare mijten-bestrijdingsmiddelen. Het op geabsorbeerd benzylbenzoaat geba-
seerde mijtendodend reinigingsmiddel (Acarosan) is veilig voor de gebruiker en zeer effek-
tief in het doden van mijten en in het verwijderen van allergeenhoudend stof (Hoofdstuk 3.3). 
Een dubbelblind gecontroleerde 1 jaar durende studie in huizen van 20 rhinitis patiënten 
sluit het onderzoek van dit proefschrift af. Het in deze studie gebruikte mijtendodende reini-
gingsmiddel (Acarosan) was in staat om de aanwezige mijtenpopulaties aanzienlijk te 
verminderen en tevens de hoeveelheden allergeenhoudend stofte reduceren tot onder de 
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gestelde grenswaarde. Klinisch kon een significante daling van de dagelijkse symptoomscore 
(na 3 maanden) en van het totaal IgE-gehalte (na 12 maanden) bereikt worden (Hoofdstuk 
3.4). Een vergelijking van sanatie door middel van vervanging (methode 1), intensieve 
schoonmaak (methode 2) of een mijtendodende reiniging (methode 3) gaf duidelijk aan dat 
laatstgenoemde methode effektiever is in mijtendoding en allergeenverwijdering dan de 
beide eerstgenoemde. Alhoewel vervanging redelijke resultaten kan opleveren, brengt zij 
veel kosten met zich mee. Intensieve reiniging en mijtendodende reiniging zijn beide even 
tijdsintensief, doch met de laatstgenoemde zijn significant betere resultaten in allergeen- en 
allergeenbron-verwijdering te bereiken (Hoofdstuk 3.5). 
De voorgestelde methode (methode 3), waarbij het doden van mijten gecombineerd wordt 
met het verwijderen van allergeenhoudend stof door reiniging biedt vele voordelen. Een op 
deze wijze uitgevoerde sanatie, welke alleen toegepast dient te worden op objecten met een 
verhoogd allergeennivo, heeft een relatief kortdurende werking (6 tot 12 maanden), maar is 
een goedkope en zeer effektieve methode om de symptomen van allergische patiënten te 
verminderen. Het ontwikkelen van nieuwe en langdurend werkende sanatie-methoden (zoals 
het bouwen van droge woningen en het uitdrogen van bestaande woningen) mag door dit 
succes natuurlijk niet stagneren. De patient zal zelf mogen kiezen, welke sanatie methode 
(met langdurende of kortdurende werking) zijn of haar voorkeur geniet. 





Allergene sind Substanzen die bei sensibilisierten Personen Allergien auslösen; schätzungs-
weise 5 - 10 % der Bevölkerung sind Allergiker. Abgesehen von Pollen, dessen Quellen 
überwiegend ausserhalb des Wohnhauses liegen, wird die grösste Menge an Allergen inner-
halb des Hauses von Hausstaubmilben, Schimmelpilzen und Insekten produziert. Im Gegen-
satz zum saisonalen Auftreten von Pollen sind diese Allergen-quellen ganzjährig in den 
Wohnungen vorhanden. In dieser Dissertation wird auf die Ilausstaubmilben als Allergen-
Produzenten eingegangen. 
Eine Einflussnahme auf diese Allergen-Quellen in den menschlichen Wohnungen ist nur 
dann sinnvoll, wenn man zuvor sowohl über qualitative, als auch quantitative Daten verfügt, 
die eine gerichtete Bekämpfung möglich machen. Das Sammeln dieser Daten sollte durch 
den Allergiker selber auszuführen, zuverlässig und kostengünstig sein (Kapitel 1). 
Die Entwicklung einer Schnell-Methode zum Farbnachweis von Guanin, einem stickstoffhal-
tigen Ausscheidungsprodukt der Milben im Hausstaub, gibt die Möglichkeit in Wohnungen 
schnell und einfach den Gehalt an Milbenprodukten und deren möglicherweise belastenden 
Allergen-Gehalt indirekt zu kontrollieren. Die Ergebnisse dieser Methode, bei der sich aus 
Guanin und einem Diazonium-Salz auf Test-Streifen ein Azofarbstoff in abgestufter Färbung 
bildet, sind mit der Anzahl der gefundenen Milben und der Menge der Milben-Allergene 
(Der PI) verglichen worden. Obwohl bereits eine signifikante Korrelation zwischen Milben-
zahl und Guaningehalt besteht, ist die Korrelation zwischen der Menge Milben-Allergene 
und dem Guaningehalt wesentlich besser. Ein Grenzwert von 0.6 mg Guanin pro Gramm 
Staub für alle textilen Objekten kann aus den gefunden Daten ermittelt werden; ausserhalb 
dieses Grenzwertes besteht kein Sensibilisierungs-Risiko für den allergischen Patienten mehr 
(Kapitel 2.1). 
Eine Möglichkeit zum schnellem Nachweis von im Hausstaub lebenden Schimmelpilzen 
wurden auf dem Wege der Messung ihrer spezifischen extrazellulären Verdauungsenzyme 
gefunden. Der freigesetzte Gehalt an spezifischen Enzymen wurde vor und während des 
Wachstums eines Schimmelpilzes (Aspergillus repensi auf einer Mischung von Hautschup-
pen und Barthaaren bestimmt. Eine Farb-Reaktion, basierend auf einer Azo-Kupplung, zeigte 
während des Wachstums des Pilzes eine Zunahme des Gehaltes von drei verschiedenen 
Phosphatasen, zwei Esterasen und der N-acetyl-beta-glucosaminidase (Kapitel 2.2). 
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Phosphatasen sind weit verbreitete Enzyme sind und treten oft zusammen mit im Hausstaub 
lebenden Organismen auf. Staubproben von 10 Matratzen wurden auf ihre biologische und 
enzymatische Aktivität hin untersucht. Gleichzeitig mit der Zahl der Schimmelpilz-
Diasporen, Bakterien und Arthropoden (Insekten und Milben) ist die Konzentration von 3 
Phosphatasen (saure und alkalische Phosphatase sowie Phosphoamidase) bestimmt worden. 
Eine signifikante positive Korrelation zwischen der totalen biotischen Aktivität (gemessen als 
Anzahl Organismen) und der totalen Aktivität der sauren und alkalischen Phosphatase konnte 
ermittelt werden (Kapitel 2.3). 
Die Milbenzahl und der Guaningehalt wurden vor und bis zu 9 Monate nach einer Sanierung 
mit einem Milbenabtötenden Reinigungsmittel in drei niederländischen Wohnungen verfolgt. 
Die Anzahl der Milben wurden mittels der Flotationsmethode bestimmt, der Gehalt an 
Guanin mit dem Azo-Farb-Nachweis (Acarex). Eine signifikante Senkung der Milbenzahl 
und auch des Guaningehaltes wurde in den behandelten Wohnungen beobachtet, verglichen 
mit der Situation in unbehandelten Wohnungen. In den unbehandelten Kontroll-Wohnungen 
waren zwar Schwankungen der Milben-Zahl und des Guanin-Gehaltes wahrnembar, es erga-
ben sich jedoch keine signifikanten Veränderungen hinsichtlich der Grenzwerte (Kapitel 2.4). 
Das Allergenniveau in Wohnhäusern von Allergikern sollte unter einem bestimmten Grenz-
wert (Schwellenwert) gehalten werden können. Diese Schwellenwerte können auf Grund des 
wirklichen Allergen-Gehaltes festgelegt werden, aber auch durch Mengenangaben von 
beispielsweise Guanin, der Aktivität von spezifischen Enzymen oder der Zahl der Allergene 
produzierende Organismen ermittelt werden. Der Patient sollte für alle im Hause vorkom-
menden Allergen-Quellen einen einfachen Test besitzen, um so in der Lage zu sein regelmäs-
sig seine Wohnung auf eventuell erhöhte Allergen-Konzentrationen zu kontrollieren. In dem 
vom behandelden Arzt aufgestellten Sanierungsplan können dann die Objekte mit einem 
erhöhten Gehalt entsprechend behandelt werden (Kapitel 3.1). 
Eine für Milbenprobleme verfügbare kombinierte Nachweis- und Sanierungsmethode (durch 
Anwendung von Acarex/Acarosan) ist untersucht und ihre Möglichkeiten in der allergologi-
schen und dermatologischen Praxis beschrieben worden (Kapitel 3.2). 
Die Effektivität und die Schädlichkeit des dabei benutzten Milbenabtötenden Mittels sind mit 
anderen bekannten und in Europa verfügbaren Milben-Vertilgungsmittel verglichen worden. 
Das auf absorbiertem Benzylbenzoat basierende milbenabtötende Reinigungsmittel (Acaro-
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san) erwies sich als toxicologisch unbedenklich für den Benutzer und gleichzeitig sehr effek-
tiv hinsichtlich der Abtötung von Milben, sowie von das Binden und Entfernen von allergen-
haltigen Stäuben (Kapitel 3.3). 
In einer kontrollierte Doppelblind-Studie über 12 Monate in Wohnungen von 20 Patienten 
mit einer allergischen Rhinitis ergab sich, dass das in dieser Studie benutzte milbenabtötende 
Reinigungsmittel (Acarosan) imstande war die vorhandenen Milben-Populationen beträcht-
lich zu vermindern; ausserdem konnte die Menge des allergenhaltigen Staubes bis unter den 
Schwellenwert reduziert werden. Klinisch ergab sich eine signifikante Reduktion der tägli-
chen Symptome (ab 3 Monate nach Behandlungbeginn) und des totalen IgE (nach 12 Mona-
ten)(Kapitel 3.4). 
Es wurden weiterhin verglichen: 1. konventionelle Sanierung durch Umtausch von textilen 
Wohnobjekten, 2. konventionelle intensiver Reinigung der Wohnung, 3. Milbenabtötende 
und allergenreduzierende Reinigung. Dabei zeigte sich, dass die letztgenannte Methode (3.) 
der Milbenabtötung und Allergenentfemung mit Abstand am effektivsten ist. Obwohl der 
Austausch von Polstermöbeln und Teppichen (Methode 1.) zunächst einen positiven Einfluss 
auf die Stärke der allergischen Erscheinungen der Bewohner haben kann, so ist diese Metho-
de jedoch unpraktisch und kontenintensiv. Beide Reinigungsarten (Methoden 2. und 3.) sind 
gleich arbeitsintensiv, aber die milbenabtötende und allergenentfemende Reinigung erzielt 
signifikant bessere Resultate für die Patienten (Kapitel 3.5). 
Die Methode, bei der das Abtöten der Allergen produzierenden Milben mit dem Entfernen 
von allergenhaltigen Staubes kombiniert wird, bietet viele Vorteile. Eine derartige Sanierung 
sollte jedoch nur angewandet werden bei Objekten mit einem stark erhöhten Allergenniveau; 
sie ist eine preisgünstige und sehr effektive Methode um die Symptome der allergischen 
Patienten zu reduzieren. Ihre Wirkungsdauer bei eine zwei Mahl im Jahr stattfindende Appli-
kation ist auf 6 bis 12 Monate begrenzt. Wiederholung kann nach dieser Zeitspanne notwen-
dig sein. 
Das Entwickeln von neuen und länger wirksamen Sanierungsmethoden, wie zum Beispiel das 
Bauen von trockenen Wohnungen, oder das "Trockenlegen" von bestehenden, feuchten 
Wohnungen ist als langfristige Hilfe für allergische Patienten notwendig. Der Patient soll 
aber selbst entscheiden welche Methode er nachher anwenden möchte. 
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De promovendus werd op 24 maart 1957 geboren te Venlo. Na het behalen van het diploma 
atheneum-b aan de Rijks Scholen Gemeenschap aldaar in 1975, begon hij in datzelfde jaar 
met zijn studie Biologie aan de Katholieke Universiteit van Nijmegen. Het doctoraalpro­
gramma omvatte het hoofdvak Aquatische Oecologie ("Het beschrijven van nieuwe mijten-
soorten, die parasitair leven op kleine zoogdieren en vogels" onder leiding van de thans over­
leden Dr. F.S. Lukoschus) en de bijvakken Dieroecologie ("Bruikbaarheid van groeiringen in 
teenkootjes van Lacerta vivipara voor de leeftijdsbepaling" onder leiding van dr. JJ. van 
Gelder) en Geschiedenis van de Biologie ("Het vlinderwerk van Sepp" onder leiding van 
prof. dr. P. Smit). Het doktoraalexamen werd afgelegd in oktober 1981 en in november 1982 
werd de 1ste graads onderwijsbevoegdheid Biologie behaald. 
Op I mei 1982 volgde de (buiten bezwaar) aanstelling als wetenschappelijk medewerker aan 
het Laboratorium voor Minibiologie, Vakgroep Dermatologie van de Rijksuniversiteit te 
Utrecht. In de periode juli 1984 -juni 1985 werd de militaire dienstplicht vervuld bij het 
onderdeel Dienst Militaire Gezondheidszorg te Utrecht. Vanaf juli 1985 werd het onderzoek 
voor dit proefschrift uitgevoerd op het Laboratorium voor Ectoparasitologie en Woonmilieu, 
Vakgroep Dermatologie van de Rijksuniversiteit te Utrecht. Op 21 september 1985 trad de 
promovendus in het huwelijk met Bernadette Cambeen. Hun dochter Stéphanie zag het 
levenslicht op 16 maart 1989. Sinds november 1988 is de promovendus werkzaam bij de 
Gesellschaft für hausbiologische Forschung mbH te Mainz, Bondsrepubliek Duitsland. 





